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Resumes 
B.C.E. 4, No. 5, 320. U.D.C. No. 66.048.375. 


LA CONSTRUCTION D’'UN PLATEAU DE 
DISTILLATION EN FORME DE TAMIS 
por H. E. Eduljee 


L'article précédent' dans cette série a donné des 
correlations pour la vitesse de vapeur minimum et 
I'hauteur de I’écume pour un plateau A tamis et 
indiqué comment celles-ld peuvent étre utilisées 
dans la construction du plateau. L’article présent 
décrit la construction compléte du plateau, ci-inclus 
les déversoirs et les tuyaux de descente. Deux autres 
méthodes sont comparées 4 la méthode présente. 
La comparaison est effectuée par |'élaboration 
détaillée d'un probléme par chacune des trois 


méthodes suive par le rapprochement des con- 
structions définitives des plateaux. 
* Barr. Cuem. ENno., 1958, 3, 14 
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DIE PLANUNG EINER SIEBDESTILLIERPLATTE 
von H. E. Eduljee 


Der vorhergehende Artikel’ in dieser Serie gab 
Beziehungen fiir die Mindestdampfgeschwindig- 
keit und Schaumhéhe einer Siebplatte an und 
zeigte, wie diese in der Planung der Platte ver- 
wendet werden kénnen. Im vorliegenden Artikel 
ist die volistiindige Planung der Platte ecinschliess- 
lich der Oberlaufe und Abzugsréhren beschrieben. 
Zwei weitere Methoden werden mit der vor- 
liegenden Methode verglichen. Der Vergleich 
erfolet durch die eingehende Ausarbeitung eines 
Problems mittels aller drei Methoden und der 
vergleichenden Betrachtung der endgiiltigen Plat- 
tenausfiihrungen. 

* Brit. Cuem. ENG., 1958, 3, 14. 
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HOHCTPYHUMA AMCTHINAWUMOHHOA 
TAPENHM CUTOBOTO THNA 
X. 9. Dayana 

B npeawaymeit erarbe * otoit cepuu Onan yKasan 
KOppeaalum ia HauMenbueit ckopocTH mapa Hu 
BHCOTH NeHH Ja CHTOBO Tapearku HM OObACHEH cr0Ccob 
MX IPUMeHeCHHA IPH KOncTpykKuMa Taperku. B nac- 
Toamei cTaTLe ONNCHIBaeTCA NOAHaA KOHCTpYKUMA 
TapemoK, BkKaovaR CAMB M cauBHNe §=6TpyON. 
C wacToammM MeTOROM cOmOcTaBAAWTCA [Ba Apyrux 
metoga. ConocTapzenme MpoMsBO_uTCA NyTeM nNOR- 
po6uoit paspaboTkKM saad BCeMH TpeMA MeTOLAMK 
H CPaBHeHHA OKOHVATCALAWX KOHCTpyKIMi TapetoK. 

1 Brit. Chem. Eng. 1958, 3, 14. 





B.C.E. 4, No. 5, 328. U.D.C. No. 66.048.375. 


LA REDUCTION DES SYSTEMES 
MULTICOMPONENTES AUX SYSTEMES 
BINAIRES 

par W. R. van Wijk, P. J. Bruijn et H. Goedkoop 


On utilise la distillation d'un mélange a 30 com- 
ponentes pour illustrer ume méthode de reduction 
des systémes multicomponentes aux systemes 
binaires. La méthode est basée sur le fait que les 
facteurs d’absorption sur les plateaux sont les 
mémes si une certaine caracteristicue de fonction 
des distillations, définée par les auteurs, est 
également la méme. 


B.C.E. 4, No. 5, 328. U.D.C. No. 66.048.375. 


DIE UMRECHNUNG VON 
MEHRKOMPONENTENSYSTEMEN ZU 
BINARSYSTEMEN 

von W. R. van Wijk, P. J. Bruijn und H. Goedkoop 


Die Destillierung einer 30-Komponentenmischung 
wird benutzt, um eine Methode der Umrechnung 
von Mehrkomponentensystemen zu Binirsystemen 
zu erliiutern. Die Methode beruht darauf, dass 
die Absorptionsfaktoren auf den Platten die 
gleichen sind, wenn eine gewisse, von den Autoren 
festgesetzte Funktionscharacteristik der Destil- 
lierungen ebenfalls die gleiche ist. 


B.C.E. 4, No. 5, 328. U.D.C. No. 66.048.375. 


NPUBEAEHME MHOFOHOMNMOHEHTHbIX 
CUCTEM HK BUHAPHbIM 
B. P. san Boiix, Il. Jia. Bpoitn u X. l'ygnoon 


Cnoco6 npHpeqeHusA MHOTOKOMNOHeCHTHBHIX CHCTeM K 
GunapHwM NoncuseTcaA Ha OcHOBe AHCTHAAAQMA 30-TH 
KomnonenTHoh cmecu, Cnoco6 ocHosaH Ha TOM, 4TO 
OakTopH norm0menHA Ha TapetkaX ABIAWTCA OfN- 
HaKOBWMH, eCIH HeKOTOPad, ONpeeteHHan aBTOpaMH 
yHKnMA, XapakTepHsywoulad AMCTHZANWMH, Takxe 
ABAAeTCH OLMHAaKOBOlt. 





B.C.E. 4, No. 5, 336. U.D.C. No. 66.048.375. 


LA CONSTRUCTION DES PLATEAUX A 
TURBOGRILLES 
per Janusz Majewski 


Les caracteristiques des plateaux A grilles sont 
discutées et des formules sont proposées pour 
l'estimation des intervalles entre les plateaux et de 
la chute de pression. Les formules furent verifi¢es 
par comparaison avec les resultats obtenus des 
colonnes 4 plateaux A grilles distillant des mélanges 
binaires tels que l’alcool isopropylicue-benzol 


B.C.E. 4, No. 5, 336. U.D.C. No. 66.048.375. 


DIE PLANUNG VON TURBOGRILLENBODEN 
von Janusz Majewski 


Die Eigenschaften von Grillenbéden werden 


besprochen und Gleichungen fiir die Voraus 
berechnung der Bodenabstiinde und des Druck- 
abfalls werden vorgeschlagen. Die Gleichungen 


wurden mittels der Ergebnisse von Grillenbéden- 
kolonnen, die solche biniire Mischungen wie 
Isopropylalkohol-Benzol destillierten, tiberprift 


B.C.E. 4, No. 5, 336. U.D.C. No. 66.048.375. 


HOHCTPYHUMA TYPBO-PEWETYATbIX 
TAPENOK 


Slnym Maescku 


OG6cyxaaeTes XapakTepHCTHKAa pellleTYaTHX TapeTOK 
H Upelwarawres ypaBHeHua faa pacieTa mexKLy- 
TapeAOWNWX MpoMexkyTKOB HB Nepenaya AaBseHHsA. 
Ypaspnenna npopepensi nyTtem cpapnenma 8 ¢ 
peweTyaTHMH TapeTKaMH, AMCTHAIUPVIONMMH TakHe 
emecH, Kak m30NponHAOBUit cuupT GeH302. 





B.C.E. 4, No. 5, 342. U.D.C. No. 66.048.375. 


LE RENDEMENT DES PLATEAUX A TAMIS 
por S. R. M. Ellis et H. K. Moyade 


L'influence des vitesses du liquide et de l’air, de 
l'emploi d'une chicane, de I"hauteur des tuyaux 
de descente, du diamétre d’intérieur et du dia- 
métre de l’aperture, sur les rendements des couches 
liquide et de vapeur a été étudiée pour une colonne 
4 plateau 4 un tamis de 10.8 cm. Les resultats sont 
indiqués en forme de diagrammes. 


B.C.E. 4, No. 5, 342. U.D.C. No. 66.048.375. 


DIE LEISTUNG VON SIEBBODEN 
von S. R. M. Ellis und H. K. Moyade 


Der Einfluss der  Fiiissigkeits- und  Luft- 
geschwindigkeiten, der Verwendung einer Spritzab- 
enkplatte, der Hihe der Abzugsréhren, der lichten 
Weite und des Offmungsdurchmessers auf die 
Leistungen von_Fliissigkeits- und_Dampfschichten 
wurde fur den Fall einer 10,8 cm Einzelsiebplatten- 
kolonne untersucht. Die Ergebnisse sind in 
graphischer Form angegeben 


B.C.E. 4, No. 5, 342. U.D.C. No. 66.048.375. 


KH... CATOBbIX TAPENOK 


. P. M. Daane a X. KR. Moitay 


Hsy4aaoch BAMAHHe XMAKOCTHNX HM BOSLYUIHEIX 
exopocteli, ynotpe6aenua orTdoiinol ueperopo,Kn, 
BHCOTH CIuBHHX Tpy6, *XHBOrO ceYeHHA MH _MaMeTpa 
OTBEPCTHA HA K.1.1. KHIKHX H NapoBNX UAeHOK AAA 
cayyan ogHocHToBol TapenoqHolt KONOHKH pa3zmepomM 
B10,8 em. Pesyabratw npupexenn B BHe AMarpamoM. 





B.C.E. 4, No. 5, 348. U.D.C. No. 66.048.375: 
$32.13. 


LE RENDEMENT DES PLATEAUX EN FORME 
DE CLOCHE 
por P. E. Barker et M. H. Choudhury 


L’influence de la viscosité du liquide sur le 
rendement de la couche gazeuse des plateaux en 
forme de cloche est étudiée sur base de recherches 
effectués sur un plateau ayant un diamétre de 1.5 m 
utilisant des solutions de sucre dont la viscosité 
varie entre 0.85 et 16.8 cp et de I’air. La signifi- 
cation des resultats pour la methode Gerster de 
correlation des rendements de plateaux est 
discutée 


B.C.E. 4, No. 5, 348. U.D.C. No. 66.048.375: 
$32.13. 


DIE LEISTUNG VON GLOCKENBODEN 
von P. E. Barker und M. H. Choudhury 


Der Einfluss der Flussigkeitsziihigkeit auf die 
Gasschichtleistung von Glockenbéden aufgrund von 
Versuchen mit einem Boden von 1,5 m Durch- 
messer, in welchem Zuckerlésungen mit Ziahig- 
keiten von 0,85-16.8 cp und Luft verwendet wur- 
den, wird untersucht. Die Bedeutung der Ergeb- 
a fiir die Gerster-Methode der Korrelation 

on Plattenleistungen wird besprochen. 


B.C.E. 4, No. 5, 348. U.D.C. No. 66.048 375: 
532.13. 


H.1.2. HOSINAYHOBbIX TAPENOH 
Il. 9. Bapxep a M. X. Goyaxypa 


Hsyvaerca sauanme xmKOcTHO BaASKOCTH Ha 
K.0.4. rasopo aeHKH KONMAaIKOBHX TapenOK Ha 
ocHope uceaeqosanua paboTwN TapeAKH MaMeTpOM Bb 
1,5 m.c ynotpe6aenneM CaXapHNX pacTBOpOB BASKOCTH 
mexzy 0,85 a 16,8 canTunyas u Boszyxa. O6cyxnaetcn 
aHaqenme pesyabtatos yaa metoga leperepa Kop- 
peTANNH K.1.1. TaperoK. 





B.C.E. 4, No. 5, 351. U.D.C. No 66.048.375. 


LE PLATEAU A BALLAST — UN DISPOSITIF 
NOUVEAU DE DISTILLATION 
por B. J. Robin 


On décrit un dispositif nouveau A contact vapeur- 
liouide qui posséde beaucoup d’avantages sur le 
plateau classicue en forme de cloche et d'autres 
types de plateaux. Parmi les caracteristiques ex- 
ceptionnelles de ce dispositif se trouvent une 
aperture mécaniquement reglée pour la vapeur qui 
assure une chute de pression reduite, ainsi qu'une 
relation de 9:1 entre les vitesses de vapeur maxi- 
mum et minimum avec operation stable. Un 
diagramme typique de rendement et donné. 





B.C.E. 4, No. 5, 351. U.D.C. No. 66.048.375. 


DER BALLASTBODEN — EIN NEUARTIGES 
DESTILLIERGERAT 


von B. J. Robin 
Ein neuartiges Dampf- u. Fliissigkeitskontakt- 
eerit, welches viele Vorteile gegeniiber dem 


iiblichen Glockenboden und anderen Bodenarten 
aufweist, wird beschrieben. Unter den besonderen 
Eigenschaften des Geriites befinden sich eine 
mechanisch gesteuerte Dampféffnung, die einen 


geringen Druckabfall sicherstellt, sowie eine 
Beziehung von 9:1 zwischen den Héchst- und 
Mindestdampfgeschwindigkeiten bei stabilem 


Betrieb. Ein typisches Leistungsdiagramm wird 


angefiihrt. 





B.C.E. 4, No. 5, 351. U.D.C. No. 66.048.375. 


BANINACTHAAR TAPENHKHA— HOBOE NPHncno- 
COBNEHME ANA AVCTUNNAWUMM 
B. Ji«. Poéun 


Onnenpaetca mpuHenocobaenue HOROTO TuNa ¢ Mapo- 
HHAKOCTHHM KOHTAKTOM. IIpuenocobaenne umeet 
MHOrO UpeHMymects moO cpasHenmo ¢ o6n4HIME 
KOAMAaYKOBHMH M ApyruMe Tapeakamu. Ocobennoctu 
BKAOWAOT MeXAHHYeECKH ylpapaaemoe mapopor 
oTnepetne, o6ecnewuBawmmee HUSKH Tepenaq aR 
aeHHA, & Takxxe OTHOMIeHMe Mey MaKkcHMAaALHOM 1 
MHHMMAILHOM ckopocTLh© mapa, papnoe 9:1 nmpu 
yerotumsol pabore. 
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Will Industry Make Adequate Use of 
Chemical Engineers? 


OR his Presidential Address to the Institution of 

Chemical Engineers, Sirk HUGH BEAVER chose to deal 
with the development and progress of the fourth great 
technology and its practitioners. To give some idea of the 
relative strength of chemical engineering today in the 
U.S.A. and U.K., Sir Huu stated that the 1958 figure for 
U.S.A. is about 9.7 per 100,000 of the population, while 
the corresponding ratio for U.K. is 6.1 per 100,000. Latest 
estimates of output of qualified chemical engineers do not 
justify any expectation that this lag is yet being made up. 
There has certainly been great expansion in number of 
students and the estimated annual output of chemical 
engineers in 1966 is about 950. 

But the President mentioned another important theme. 
“It would be incorrect to assume that the failure or short- 
fall in qualified chemical engineers . . . lies only, or indeed 
primarily, on the teaching or production side. It lies 
equally on industry. All these calculations and arguments 
depend on the extent to which there may be such change 
of attitude and policy as well as methods in British industry 
as will enable industry to absorb these numbers; this 
recognition of chemical engineering has so far been slow, 
irregular and sporadic.” This is not solely a responsibility 
of the chemical industry. Apart from applications in the 
obvious field of chemical plant manufacture, it is an 
interesting suggestion that increased employment of 
chemical engineering knowledge might be taken as a 
measure of the use of modern manufacturing techniques. 


Illuminating the Principles of Automatic 
Control 

NGENIOUS equipment for instrument-training purposes 

has been developed by D. N. Harrison. The “plant” 
is a 200 W electric lamp and the “measured value” is this 
lamp’s brightness. The “desired value” is simulated by a 
second 200 W lamp and its brightness is set manually by 
a Variac. This basically simple system now embodies all the 
elements of a closed-loop control system. Mr. HARRISON 
points out* that an electric lamp is an ideal choice 
to represent the plant for two reasons: it is clearly visible 
and therefore suitable for large-audience demonstrations, 
and the time constant of the lamp filament is very short 
enabling control demonstrations to be made quickly. 
Characteristics of the plant closely resemble those of a 
flow-control system. Each lamp is monitored by a 
photo-cell. Any difference in brightness between the two 
lamps representing the measured and desired values is con- 
verted into an error or deviation signal by the differential 
output of the two photocells. The deviation signal is fed 
into a controlling unit which generates a number of con- 
trol actions available for selection by switches. The 


output from the controlling unit is fed to a Variac used 
as a regulator and this controls the voltage to the “plant” 
lamp and hence its brightness. Another Variac, which 
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can be varied manually or automatically feeds the 
regulator in order to provide the effect of an input disturb- 
ance to the closed-loop system. The Variac spindles are 
fitted with pointers so that their positions can be observed. 

With this model it is possible to demonstrate the effects 
of supply disturbance in an open-loop system or its 
stability and freedom from “overshoot” for a sudden 
change in desired value. In a closed-loop system with 
three-term control action the effect of supply disturbance 
can be shown or that of sudden change in a desired value 
giving an “overshoot.” On/off control action, floating 
action, proportional control action may all be illustrated 
as well as the improved response obtainable when deriva- 
tive action is added to proportional action. 

* Instrument Engincer 1959, Vol. 2, No. 7. p. 131. 


Using Pictures of Hot Spots 


*¢TF you published a list of unsolved problems for our 

people to check over, it is likely that we could do a 
lot towards dealing with them.” This comment by an 
enthusiastic technical officer began to look more justified 
after we had toured the Industrial Photographic and 
Television Exhibition. Pretty pictures of sugar crystals 
were reported to have helped in showing how non-sucrose 
inclusions were built into the crystals and consequently 
how to prevent this contamination. A water analogue of 
a combustion chamber has been successfully studied by 
photography using polystyrene spheres of less than one 
millimetre in diameter to indicate the flow pattern. This 
work has been done using visible light but in addition 
infra-red photography has been used to examine differences 
in the surface temperature of vessels. A specific example 
quoted was for checks on the outer wall of a generator 
vessel in catalytic cracking. Infra-red plates show the 
size, shape and relative temperatures of hot spots. 

High speed microphotography of course was also 
featured. This technique has long been of value in 
investigations of fast-running mechanical equipment and 
we quote a recent off-shoot of this type of work below. 
But it is noteworthy that it has also proved itself in 
elucidating the mechanism of froth-flotation leading to 
improvements in the process. 


Industrial Size Cone 


EVELOPMENT of their radically new cone mill has 
now been carried by the British Coal Utilisation 
Research Association to the five ton-per-hour scale. It 
may be recalled that this type of mill is so designed that 
coal is nipped between balls and then falls free. Origin- 
ally it consisted of a cone, apex upwards, rotating about 
its axis and bearing against a set of balls retained by a 
cage fitting over the balls. High speed photography of the 
mill in action was used to track the cause of complex and 
sometimes anomalous effects found on investigating the 
influence of varying feed, speed of rotation and several 
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other factors. Using a camera speed of 1000 frames per 
second it was found that most of the effects could be 
explained by alterations in the trajectories of the coal 
particles in the mill. When design was modified to con- 
trol these trajectories there was a big gain in performance. 
For example, with coal it is now possible to obtain a 
once-through product containing 85°, through a 100 BS. 
mesh sieve. The work as a whole has thus given rise to 
both a body of data applicable to the design of any high- 
speed mill of the ring-ball type, and a new and more 
rational appliance, the cone mill. 

The matrix theory of coal breakage has been applied to 
data obtained from the cone mill and it has been proved 
that, provided the feed rate is not too great, the perform- 
ance with a feed of mixed size can be estimated from the 
behaviour of the individual size fractions. 

The larger machine will now be used for studies of 
scaling-up factors and to permit longer grinding runs than 
are possible with the small laboratory models. It will also 
provide opportunity to examine wear and maintenance 
problems. The design represents a considerable gain in 
size and weight over current mills. 


Radioactive Markers in Go-Devils 


ATEST in a series of Ministry of Labour booklets is 

one* dealing with precautions in handling pipe-line 
scrapers loaded with a radioactive source as a marker. 
Often known as “ go-devils,” these scrapers of tightly fitted 
rubber washers, vanes or wire brushes may be used on 
newly laid mains to test that the line is free from obstruc- 
tion or as a routine operation to ensure clear pipes. Com- 
pressed air or water pressure is used to push them through 
the pipe and it is not an uncommon occurrence for them 
to get jammed against an immovable obstruction. Much 
time and money can be wasted in attempts to locate the 
exact position of the stuck equipment, and to overcome 
this difficulty a radioactive marker may be housed in the 
central core. The radioactive material most commonly 
used in this way is Cobalt 60 in the form of a sealed 
source. Gamma rays from this source can then be 
detected above ground. 

Those employed in loading the go-devil into the line 
and also in digging out and cutting the line to recover 
obstructed equipment are liable to radiation exposure. 
The sealed Co*® source however presents no hazards due 
to alpha particles, beta rays, X-rays or neutrons and also 
no inhalation or ingestion problems. To reduce the 
radiation hazard a pressure operated equipment has been 
designed in which the source is normally at rest within a 
lead container and is only ejected when under pressure. 
Thus the source is screened while the equipment is being 
handled but is exposed for detection while running through 
the line. The booklet sets out precautions in handling 
these devices and maximum permissible levels of exposure 
to radiation. 

* Safety, Health and Welfare Booklet. New Series No. 7. 1959, H.M.S.O. Is 


Aids to Pipe Design 


HARTS based on work at the Hydraulics Research 

Station have recently been published* with the 
ambitious aim of enabling a designer of a conduit to base 
almost all his flow problems whatever their scales, fluids, 
and classes of construction, on a single equation now 
expressed in a form which makes its application relatively 
straightforward. In his foreword to these booklets 
Sm Craupe INGLIs states that it had previously proved 
impossible to reduce the Colebrook-White equation to the 
simple form required by engineers: that is, as design charts 
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expressed directly in terms of discharge, hydraulic gradient, 
pipe or channel dimensions and velocity. The problem 
had been under review at the Station for some time and 
Sm Cviaupe had felt convinced that a solution in chart or 
tabular form was feasible. The difficulties were finally 
overcome by a combination of dimensional analysis and 
graphical methods leading to a series of design charts in 
terms of four engineering variables. It was found possible 
to transform the equation into terms of the three main 
engineering variables which appear separately in para- 
metric form as the sole variables in the following equation 


fosten il |... 46435 \ 
V= -— 4,(RS) < log —— + log | | + ——— | 
| 14°8R \ \ (RS) / 


In this, V =Vk/ », the velocity parameter, R=R/k, the 
conduit size parameter and S=2gSk*/ v?, the slope 
parameter. V is the average forward velocity, k a linear 
measure of roughness, +» the kinematic viscosity, R 
hydraulic mean depth and § the hydraulic gradient. This 
has been plotted as “a closer approach to a universal 
resistance diagram than any published previously.” In 
addition for an hydraulic designer who prefers to work 
in his accustomed dimensional variables, the data have 
been converted on to dimensioned charts—grids of 
V, R, S and Q, the discharge—for any desired combina- 
tions of roughness and viscosity. 


* Hydraulics Research Paper No. 1. Resistance of Fluids flowing in 
Channels and Pipes. London H.M.S.O. 8s. 6d. Hydraulics Research Paper 
No. 2. Charts for the Hydraulic Design of Channels and Pipes. 
H.M.S.O. 12s. 


A Problem in the Control of Float- 
Controlled De-aerators 


STABILITY criterion for float-controlled de-aerators 

has applications outside this particular field and there 
are several processes of a similar nature where such a 
criterion is of interest. Severe fluctuations of the internal 
water level in a marine de-aerator led to an investigation 
which yielded some very useful conclusions*. The 
de-aerator itself consisted of a number of perforated trays 
through which the water percolates, with a feed valve 
above the top tray operated by a float installed in the 
de-aerator sump. A change in water level in the base 
would thereby produce immediately a movement of the 
valve, thus an increase in level would produce a reduction 
in in-flow. Owing to the delaying action of the trays, 
with the first valve fitted, the change did not develop 
until some time after the valve had moved. During 
this lag period over-correction of the feed occurred 
through the continued displacement of the valve. This led 
to excessive fluctuations in water level in the opposite 
direction to that desired with the result that a persistent 
oscillation was set up. The cure described consisted in 
modifying the inlet valve to give a smaller delivery for a 
given change in water level; and a theory was presented 
for sizing valves required for this kind of work. 
Analysis shows that the system would be unstable unless 
the valve time-constant exceeds a minimum figure depend- 
ing on the number and design of the trays. This constant 
is defined as the ratio of the surface area of water in the 
de-aerator sump to the increase in feed in-flow allowed by 
the valve, per unit fall in sump water level. A similar 
constant is defined for any tray and is given by the ratio 
of surface area of water on this tray to the increase in 
water out-flow per unit increase in depth upon the tray ; 
the stability criterion is then given by the ratio of the valve 
constant to the tray constant, and minimum values are 
given according to the number of trays present. Thus the 
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condition for stability in the case of a five tray vessel is that 
it should be greater than 2.4, the units being surface area 
in sq. ft and the out-flow per unit depth in sq. ft/sec. 
With trays of simple design used in the de-aerator 
investigated this ratio decreases with increasing load so that 
a de-aerator may be stable at low loads and unstable at 
high loads—a prominent characteristic of the de-aerator 
tested. Tests were conducted using three inlet valves each 
with a different value of this ratio and the results obtained 
confirmed the theoretical conclusions. It is also shown 
that instability at high loads can be prevented by 
designing the trays to give a correct relationship between 
the depth of the surface area of the water retained on 
them. 

* Morton, A. J., The Chartered Mechanical Engineer, May 1959, page 206. 


Pipe-line to Convey a Slurry More than 
12-Miles 


HE design of pipe-lines for conveying slurries con- 

siderable distances is seldom discussed in the technical 
literature. All the more welcome therefore was a recent 
paper outlining the procedure used for designing a 12-mile- 
long pipe line for conveying a 12-15% lime slurry 
produced in the manufacture of acetylene from calcium 
carbide by means of wet generators.* The investigation 
shows that this kind of slurry behaves as a single phase 
fluid when the velocity is greater than 2 ft/sec. and the 
appropriate friction loss data are given. It was found that 
the transition from streamline to turbulent flow occurs at 
very much higher velocities than with the pure liquid. 
This was thought to be due to the settling of lime particles 
and to resolve the point a series of tests were carried out 
on a 700 ft pipe-line of 3 in. bore and another line of 
2500 ft length constructed of 6 in. pipe. The results 
showed that there is a considerable change in flow 
characteristics when the apparent velocity falls below 
2 ft/sec. It was realised that the velocities based on the 
cross-sectional area of the pipe are fictitious if settling 
occurs and the investigators set out to determine the 
settling conditions. A point of equilibrium is reached 
where restriction through settling leads to an increase in 
fluid velocity so that no more settling takes place. The 
linear velocity corresponding to this condition is termed 
the “ settling velocity.” By means of slugs of fluorescein 
solution it was demonstrated for a 6 in. pipe that the linear 
velocity remained constant at a speed of 1.3 ft/sec. On 
dismantling the pipe-line a deposit of thick slurry to about 
half the depth of the pipe was found. It was therefore 
concluded that a velocity well above this figure should be 
used and buffer capacity should be provided so that the 
slurry can be maintained at this speed if necessary by 
diluting with water. 

* Parkins, R. Birmingham University Chemical Engineer 1959, 10, 2, 29. 


Polyzonal Fuel Cans Increase Heat 
Transfer 


ARLY nuclear fuel cans as used in Windscale had 

longitudinal fins but development work at Harwell 
and Risley showed that transverse fins, machined on the 
can at right angles to the coolant flow, gave a consider- 
able increase in heat transfer for a pressure drop still 
acceptable. One of the major difficulties in extracting heat 
from a finned fuel element with either parallel or trans- 
verse finning derives from the fact that the heated gas 
does not readily transfer the heat to the bulk flow in the 
channel ; a heated envelope surrounds the can resulting in 
an increased can temperature for a given heat transfer to 
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the bulk gas. In a recent lecture to the North East Coast 
Institution of Engineers and Shipbuilders, A. T. BowDEn 
described development work carried out by C. A. Parsons 
Ltd. directed towards mixing this hot gas envelope 
surrounding a finned surface with the bulk stream with 
the least possible increase in friction. Of many different 
combinations studied the one shown here gave the best 
results. 








Polyzonal Fuel Can 


The fuel-can has helical fins machined on its outer 
surface. Three, four or even more longitudinal splitters 
extend radially from the body of the can to the wall of the 
flow channel. The effect of this configuration is that the 
coolant is gradually consumed in the flutes and is deflected 
by the splitters and the circular channel in such a manner 
that a strong vortex is formed which ensures that the hot 
envelope developing along the fins is merged in the bulk 
gas stream. The gain is illustrated by these figures. A 
cylinder of 1.3-in. outer diameter and provided with 
thirty-six straight fins of 2.25-in. tip diameter increases its 
heat transfer only slightly if the fins are twisted to a lead 
of 12 in. If, however, four longitudinal splitters are 
inserted into these, the heat transfer goes up by a factor 
of 3 to be set against an increase in friction coefficient 
of only 4. 

The design has previously been referred to in a paper 
read by Dr. H. L. Ritz, a member of Dr. Bownven’s staff, 
at the recent Geneva Conference. 


A Spray Drier for Thick Pastes 


ITHERTO spray driers have not been regarded as the 

appropriate means of drying thick pastes or filter cakes 
although in some attempts which have been successful 
the feed has been thinned with water. This practice is waste- 
ful and defeats its own ends; and with the appearance of 
a new type of spray drier* it is unnecessary. Outstanding 
points about this novel machine are the methods it 
employs for feeding the paste and for atomising it. The 
feed is first introduced into a hopper and is then conveyed 
by a horjzontal screw feeder to a double screw vertical 
feeder, which forces the paste through a narrow annulus. 
The speed of rotation of the vertical feeder is variable 
within wide limits. The paste thus leaves the annulus in 
the form of a hollow cone of a thickness about 5 mm; 
and since the entire discharge rotates around the periphery 
of the annular opening its uniformity is assured. Forming 
the centre of the annulus is the compressed air feed which 





315 





breaks up the extruded paste into a cloud of particles 
which are forced outwards towards the walls of the drier 
proper. The atomising head is so situated at the top of 
the drier, that the cloud of particles is not subjected to 
drying action until it is well clear of the discharge point. 
This avoids incrustation at the atomiser, which on account 
of the high pressure air stream passing through it is 
virtually self-cleaning. 

The energy consumption for the atomising is small, and 
for thick, homogeneous pastes the pressure required is 
3 atm. and the cost of the power requirement for a 
compressed air supply of 440 m*/hr, which was used in 
the pilot-scale model, was more than compensated for by 
the excellence of the product. In the case of thixotropic 
pastes a Mono type pump may be used instead of the twin 
screw feed device. 

In other respects this drier is more conventional ; the 
hot gas for drying, however, is fed through ports in a 
ring duct fitted at the top of the drier and beneath the 
atomiser. In the case of the pilot model the internal 
diameter of the upper section of the drier space is 3 m. 
and the height from the conical discharge point at the base 
4m. When the inlet temperature of the hot gas is 850° C 
and the outlet is 110° C 300 kg/hr of water can be 
removed from the material being dried. With most pastes 
so far handled the temperature of the product leaving the 
collecting points is about 65° C and its moisture content 
is less than 0.3%. 

* Chemie-Ingenicur-Technik, 1959, 31, 259. 


Developments in Thermo-electric Cooling 


HE reversible absorption or generation of heat when 

an electric current is passed across the junction of 
two dissimilar metals in either one direction or the other, 
known as the Peltier effect, has until recently found very 
little practical application and up to a few years ago even 
inefficient refrigeration based upon this effect was 
impossible. The basic theory was developed some years 
ago by ALTENKIRCH who expressed the coefficient of 
performance of a thermoelectric refrigerator in terms of a 
figure of merit which involved only the thermal emf, and 
the electrical and thermal conductivities of the thermo- 
couple materials. A more recent account of the basic 
theory was given earlier this year by H. J. Go_psmip* of 
the Research Laboratories cf the General Electric Co., 
but unlike the earlier theoretical presentation this one was 
given at a time when thermoelectric refrigeration is a 
practical proposition. This is through the advent of semi- 
conductors which have far more favourable properties for 
the purpose than have metals. A valuable part of 
Dr. GOoLDSMID’s paper is the section dealing with the 
theory and properties of semi-conductor materials. One 
couple, for example, using these materials is capable of 
producing at a temperature of 17° C a maximum 
temperature difference of 80° C. 

An application reported recently (not in GoLDsMID's 
paper), is a Russian countercurrent cooler for chilling milk. 
According to an article in Vestnik Sel’skokhozyaistvennoi 
Nauki, 1958, 10, 99-103, this apparatus has a through-put 
of 100-250 1./hr with a milk storage capacity of 2000 1. 
The refrigerating capacity is 3000 kcal/hr and the milk 
can be cooled to a temperature of 5° C. The weight of 
the semi-conductor material is 6-75 kg. and the number 
of thermocouples approaches the 1000 mark. The semi- 
conductors are made of a ternary Te-Bi-Se alloy for the 
negative branch and of a Te-Bi-Sb alloy for the positive 
branch. 

Refrigeration systems of this kind have a number of 
advantages and of course some disadvantages. They 
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ideas Invited 


HE increases in the D.S.I.R. allocations which we 
mentioned in our March 1959 issue (p. 123) 
make the Report of the Research Council for 1958 
happier reading than its counterparts in earlier years. 
A novel project is that the Department offers to 
consider proposals for the support of industrial 
research and development, whatever the scale, which 
is likely to lead to results of value to the nation as 
a whole. This is based on the belief that valuable 
ideas exist in some of the smaller industrial concerns 
of this country which they themselves cannot afford 
to investigate, while at the other end of the industrial 
scale there may be research and development pro- 
jects that even large organisations cannot adequately 
finance. The chemical industry has a sound record 
of investment in research and the current Annual 
Report of the British Chemical Plant Manufacturers 
Association also shows an intense awareness of the 
value of such work. Are there, nevertheless, in these 
industries ideas languishing which might be put to 
D.S.L.R. for development ? 











require no moving parts, and contain no harmful gases. 
On the other hand they must be operated from direct 
current which is entirely ripple free if the best performance 
is to be obtained ; and their precise control presents some 
difficulties. However since performance is almost inde- 
pendent of capacity they have a distinct field of applica- 
tion where only very low cooling powers are required. 

* J. Refrig. 1959, March/April, 41-43. 


Treating Aqueous Wastes 


N show during the recent Open Day at the Water 

Pollution Research laboratory were interim results 
of studies in the pilot-scale wing to discover optimum 
conditions for mechanical aeration in the activated sludge 
process. Two brush types of aerator and the Simplex 
High Intensity Cone are both dependent on rapid rotation 
for their action but a Swedish development known as the 
Inka Aerator Unit is based on blowing air through 
perforated pipes. These are arranged in the form of a 
grating submerged in a tank on one side of a baffle to 
promote circulation. Mr. A. L. Downina, in charge of 
the work, informed us that there were good prospects of 
making aeration units smaller. There may, however, be a 
limit to the intensity of aeration set by the effects on the 
subsequent settling of sludge. Strong local shearing 
action may lead to dispersal of flocs producing a colloidal 
system. 

Another line of work now at the scale of a 500-gallon 
digester is the fermentation of slaughterhouse waste. 
With material of average Biochemical Oxygen Demand 
(B.0.D.) of 2000 ppm and a digestion temperature of 
33° C, an average of 0.11 Ib B.O.D. per cu. ft digester 
space should be destroyed per day. Gas production was 
not sufficient to make the process self-supporting because 
of the relatively low concentration of organic matter in 
the waste. Even better digestion has been achieved, in 
small-scale digesters, of whisky distillery wastes of B.O.D. 
25,000 ppm with average daily loadings of 0.25 Ib 
B.O.D. per cu. ft digester space. Gas production in this 
case was such that surplus energy should be available. 
Following on these studies it is likely that full-scale plants 
will shortly be erected. 
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Distillation—from art to science 


IKE many other techniques of chemical engineering, 

distillation, the subject of the current issue of this 
journal, has a history reaching down to antiquity Indeed, 
it was widely used by the early alchemists, who, despite 
their mystical and speculative intellectual leanings, dis- 
played a great deal of sound common sense in much of 
their practical activity. This is evident from the ancient 
manuscripts of alchemy. In the writings of Demokritos, 
about the second century A.D., is to be found an account 
of a rudimentary distillation apparatus termed the 
kerotakis, the design of which had clearly received much 
attention. Supporting the contention that there is nothing 
new under the sun, some diagrams of kerotakis show the 
presence of a sieve plate fitted immediately above the 
boiling zone. But the technique of distillation remained 
static for many centuries and even by the twelfth century, 
when Albertus Magnus described it as one of the funda- 
mental operations of alchemy, there seems to have been no 
significant improvement. The production at this time in 
Ireland of the earliest form of whiskey, Usquebargh, which 
had been prepared by St. Patrick in the fourth century, 
was a sign that the process had entered the field of manu- 
facture. Nevertheless, the only significant improvement of 
a technical nature to be made in the following centuries 
was the use of water cooling for the distillate. 

To discover the reason for this period of stagnation ex- 
tending over fifteen centuries would require a profound 
study, but the lack of theory and the absence of a strong 
economic incentive for improvement are almost certainly 
contributory causes. It is probable that the missing incen- 
tive did not arise until the advent of the industrial era, 
for then a number of fundamental design changes were 
made to improve fuel economy and to befit the process 
for tasks that lay ahead. 

The demand for a practical sugar-refining process in 
France at the turn of the eighteenth century led to design 
improvements of great importance, at a time when 
Napoleon Bonaparte had offered a reward of a million 
francs to the inventor of a successful process. Among the 
competitors for this prize was Cellier-Blumenthal, whose 
process made use of alcohol. His interest in its recovery 
by distillation led him to produce a design of outstanding 
novelty, for his patent of 1813 marked the first appear- 
ance of the bubble-cap tray with the vertical column 
employing the counter-current principle. In addition, his 
still incorporated the best features of earlier designers 
such as the feed preheated by the condensate and a partial 
condenser. Unlike its modern successor, it was direct fired 
and efforts were directed towards steam heating, a proposal 
first championed by Count Rumford and was realised by 
Coffey in 1830. With this invention the practical basis of 
modern distillation practice was finally established. 

The period to follow was one of steady development for 
the chemical industry. The manufacturers were beginning 
to learn that purity made their products more saleable 
and they found in distillation a means of obtaining it. But 
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in spite of the existence of a sound understanding of its 
principles, such as Coffey had shown himself to possess, 
there was a complete absence of written work upon the 
subject and it was not until the approach of the present 
century that the first serious works appeared. It is to 
Barbet that the honour of the first book on distillation 
belongs, and he was followed closely by Hausbrand, and 
by Sorel with his celebrated treatises “The Rectification of 
Alcohol” and “Distillation”. It is significant that by the 
time these books had appeared chemical engineering was 
emerging as a distinct technology. 

Like many other unit operations, distillation, despite 
some reliance upon empiricism, has advanced greatly since 
the early days of chemical engineering. To appreciate this 
point one has only to compare the early batch direct-fired 
stills of the petroleum industry with the modern, highly 
instrumented continuous pipe stills and fractionaters. To this 
advance a great deal is owed to American chemical 
engineers; such names as Lewis, McCabe, Gilliland, 
Robinson, Murphree, Gerster, Colburn, and many others 
come to mind for their contributions. 

In Britain the outstanding work has been that of A. J. V. 
Underwood, who co-ordinated and extended the methods 
of earlier workers and who evolved rational methods of 
design for both binary and multi-component systems. A 
decade or so ago he proposed an elegant solution for 
multi-component systems with exact algebraic equations 
for the minimum reflux ratio, plate composition and for 
the location of the optimum feed point. This work has 
been further developed by Forsyth and Franklin. 

To the knowledge of vapour-liquid equilibria a signifi- 
cant contribution has been made by F. H. Garner and his 
colleagues at Birmingham University where, in addition, 
a considerable volume of work has been carried out on 
other aspects of distillation, including vapour-liquid con- 
tacting devices. Indeed, two examples of this work appear 
in the current issue of this journal, And we should not 
pass without mention of the work on azeotropic systems 
carried out some years ago by W. S. Norman, who devised 
graphical methods for estimating the minimum reflux ratio; 
and H. R. C. Pratt, who devised an analytical procedure 
for the same purpose. In more recent times there has 
been the extensive work of the Dutch physicists, promi- 
nent among whom has been Professor van Wijk, who has 
been particularly concerned with the distillation of multi- 
component systems (see p. 328). 

Today there can be little doubt that the theory of dis- 
tillation is rapidly extending and that those areas still 
encumbered by empiricism are near scientific explanation. 
The recent A.I.Ch.E. report on bubble-tray efficiencies 
and the report prepared by the B.C.P.M.A. and the 
A.B.C.M., with its useful guidance for future research 
presage important theoretical developments. And we can 
await the forthcoming international symposium on distil- 
lation in the confidence that it will further progress the 
theory and practice of this important operation. 
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Fig. 1. Fractionating columns 
No. 1 ethanol plant of British 
Hydrocarbon Chemicals’ 
Plant, Grangemouth, Scot- 
land. 


THE DESIGN OF SIEVE-TYPE 
DISTILLATION PLATES 


A comparison of three methods which give a complete tray 


design, including dimensions of weirs and downcomers 


by H. E. EDULJEE, Ph.D., A.M.1.Chem.E. 


SIEVE plate consists of three areas made by two 

chords opposite each other (Fig. 2). One chord is 
formed by the outflow weir; the segment so formed may 
be used entire for the downcomer or, for small liquid 
flows, downcomers of circular or rectangular cross-section 
may be let into it. (The case of the downcomer itself act- 
ing as a weir was considered in a previous paper.') The 
other segment formed by a chord of the same length as 
the weir is left unperforated to receive the liquid from the 
plate above. An inflow weir is not essential if the entire 
segment of the plate above is used as a downcomer; the 
downcomer seal is provided by having the outflow weir 
higher than the bottom of the downcomer. 

If the holes are very close to the outflow weir, the froth 
and foam will be carried over into the downcomer. To 
prevent this, an unperforated strip 3 in. wide is provided 
between the weir and the nearest row of holes. At the 
inflow segment, if the holes are very close to the edge of 
the segment, the impact of the inflowing liquid will cause 
“weeping” through some of the holes; again, an unper- 
forated strip 3 in. wide is left between the inflow segment 
and the adjacent row of holes. 





* Equations and Figures with “‘E’’ denote equations and figures in the 


author's previous paper." 
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An unperforated strip is provided between the walls 
and the nearest holes to give strength to the plate and to 
meet the interference of any tray supports that may be 
used. It is recommended that for plates of 5 ft diameter 
and smaller, this strip be 2 in. wide; for larger plates, the 
strip should be 3 in. wide. 

The length of the chord forming the weir is usually from 
0.6 to 0.8 times the diameter of the plate. For all normal 
duties 0.7 to 0.75 times diameter is the most useful size. 

The most common hole sizes for clean liquids are } in., 
fs in. and 4in. diameter and the holes are arranged at 
the apexes of an equilateral triangle of sides equal to 3 
to 4 times the hole diameter. If the pitch of the holes is 
smaller than 2.5 times the diameter, then the neighbour- 
ing streams of vapour interfere with each other; if it is 
greater than 5 times the hole diameter, then unaerated 
zones of liquid form on the plate and the efficiency falls. 

On the basis of the rules given above, the relationships 
between the various areas, dimensions, etc., of .the plate 
are given in Table I as an aid to design. 


The Problem 
The problem is to design a sieve-plate to carry-out the 
following duty: 
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Symbols Used 
Ac 
Ap 
Ar 


cross-sectional area of column, sq. ft; 
area of downcomer segment, sq. ft; 

free area available for vapour flow = 

(Ac — Ap), sq. ft; 

total area of holes, sq. ft; 

plate area available for perforations, sq. ft; 
orifice coefficient; 

diameter of column, ft; 

entrainment; 

plate spacing, in.; 

weir crest, in.; 

height of liquid in downcomer, in.; 

total liquid height on plate = (he + hw), 
in.; 

height of weir, in.; 

pressure drop through downcomer, in. 
liquid; 

pressure drop across dry plate, in. liquid; 
total pressure drop across plate, in. liquid; 
liquid rate, Imp. gpm; 

“effective” plate spacing in Equation (1), in.; 
vapour velocity based on column cross- 
sectional area, ft/sec.; 

= vapour velocity based on free area of 
column, ft/sec.; 

vapour velocity through holes, ft/sec.; 
minimum vapour velocity through holes, 
ft/sec.; 

length of chord weir, in. (ft in Table D; 
width of downcomer segment, ft; 

distance of liquid throw over weir, in.; 
diameter of hole, in.; and 

density of vapour and liquid, Ib./cu. ft. 


An 
Ap 
c 
D 
E 
H 
he 
ho 
hr 


uh nbnbnd eo 


bud we 











Liquid rate = 83.3 Imp. gal./min. (100 U.S. 
gpm) 
= 13.37 cfm = 0.223 cfs 
Liquid density = 56 lb./cu. ft 
Liquid velocity = 0.3 cp 
Surface tension 10 dynes /cm 
Vapour rate = 30,000 Ib. /hr 
55.56 cu. ft/sec. 
Vapour density = 0.15 Ib./cu. ft 
(pc)*® = 0.3873 
(pa/ Ap) = 0.0518 
Cost of column wall = A; = 21.6s per sq. ft 
Cost of tray = A= 5.8s per sq. ft 
Cost of downcomer wall = 4; = 3.6s per sq. ft. 


hud ue ued 


The flow rates and properties of the fluids are taken 
from HUGMARK and O'CONNELL? and the cost data from 
HuaNnG and Hopson.* 

It is decided that a maximum entrainment of 5 mol. of 
liquid/100 mol. of vapour can be tolerated. 


Author’s Method 


(1) Minimum Vapour Velocity. The first quantity to cal- 
culate is the minimum vapour velocity to prevent weeping. 
To do this, the total liquid height on the plate must be 
assumed. Davies‘ has suggested various static submer- 
gences for bubble-cap plates. Assuming that from an 
average bubble cap the bubble forms 0.5 in. below the top 
of the slot, then adding 0.5 to Davies's static sub- 
mergences will give the height of the weir for sieve plates. 
The values are given in Table II. The weir crest should be 
more than 0.5 in. and definitely not less than 0.25 in.; the 
maximum height should be 2.0 in. For a preliminary design 
the weir crest is taken as 1.0in. The total liquid height 
should not be less than 2.0in. Assume 7 in. diameter 
holes will be used with pitch/diameter of holes ratio of 
3.0. From Equation (E1)* and Fig. El* the minimum 
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vapour velocity is calculated to be 24.07 ft/sec. = va. 

(2) Diameter of Column. The actual vapour velocity 
must be greater than the minimum. Four values are con- 
sidered (Table III): 1.33, 1.5, 1.75 and 2.0 times vy. The 
area of one xs-in. hole is 0.000192 sq. ft. The total number 
of holes are calculated and shown in Table III. Diameters 
of the columns for a pitch of 3 X % = in. and 
W/D = 0.70 and 0.75 are also given in Table III. The 
diameter of the column is calculated with the help of data 
given in Table I. Sample calculation for v = 32.1 ft/sec.; 
W/D = 0.75. 

Vapour volume velocity ... 0.00615 cu. ft/sec. 
Total hole area = 55.56/32.1 = 1.732 sq. ft = An 
Perforated area, Ap = 1.732/0.1 = 17.32 sq. ft 
Diameter of column = 5.9 ft (from Table I) 


(3) Weir Crest. The weir crest is calculated by the 
FRANCIS equation and is shown in Table III. The assumed 
value of the crest is 1.0in.; the crest for plates of 5.69, 
5.38, 5.90 and 5.6 ft diameter will be too low. Hence, only 
the plates of 4.98, 4.70, 5.21 and 4.85 ft diameter will be 
considered further. As the total liquid height must not be 
less than 2.0 in., the height of the weir in this case is taken 
as 1.15 in. 

(4) Foam Height. The foam height is calculated from 
Equation (E2) and Fig. E2 for hole velocities of 42.13 and 
48.14 ft/sec. 

Velocity = 42.13 ft/sec.; foam height = 13.8 in., 
= 48.14 ft/sec.; ,, - = 14.4in. 
The average foam height is thus about 14.0 in. 

(5) Plate Spacing. It is recommended that entrainment 
equations be used to calculate plate spacing. In the previous 
paper, the entrainment correlation, Equation (E6) and Fig. 
E3, was derived for bubble-cap plates and its use was 
extended to sieve plates on the basis of the observation 
that the entrainment from sieve plates is one-third of that 
from bubble-cap plates at the same plate spacing, weir 
height and column vapour velocity. 

Hunt et al. have also given an equation for entrainment 
specifically for sieve plates: 


E=0.22 = (“*) —— 


Where S=H—2.5hr — 


Maximum permissible entrainment is 5 mol. liquid/ 
100 mol. vapour. Assuming the liquid and vapour have the 
same molecular weight, entrainment is 0.05 Ib. liquid /Ib. 
vapour. 

Sample calculation for 4.70 ft diameter plate, Hunt's 
equation. 

Diameter of plate ... 
Cross-sectional area of 
column 
Downcomer area 
Free area for vapour 
flow oe 
Vapour volume 
Vapour velocity 
through free 3.47 ft/sec. 
2.5 hr : ww. «6c KH Z=SO 

Substituting vr = 3.47, ¢ = 10.0, E = 0.05 in Equations 
(1) and (2), H=/5.0 in. Plate spacings for the other 
columns are given below: 


4.70 ft 


17.35 sq. ft 
1.35 sq. ft (from Table I 


16.00 sq. ft 
55.56 cfs 


area 


Column diameter 
(ft) 
4.98 
4.70 
5.21 
4.85 


Plate spacing, in. 
HUNT Equation (E6) 
14.4 13.1 
15.0 14.7 
13.8 12.1 
15.0 13.9 








Plate spacings were also calculated by means of Equa- 
tion (E6) as described in the previous paper’ and the 
results are given above. The agreement between the two 
sets is good. As Hunt’s® equation was specifically derived 
for sieve-plates, it is recommended in preference to 
Equation (E6). 

The calculated plate spacing is about 14 in., but the 
froth height is also about 14 in. A plate spacing of 20 in. 
will actually be used. The actual entrainment will therefore 
be less than the maximum permissible. 

(6) Pressure Drop Across Plate is calculated from Equa- 
tion (E4) based on highest hole velocity of 48.14 ft/sec. 

Pressure drop of dry plate 1.94 in. liquid 
Liquid head, hr ‘ 2.00 in. liquid 


0.57 in. liquid 


Total pressure drop ... pa ... 451 in. liquid 

(7) Downcomer Pressure Drop. The liquid, as it flows 
out of the downcomer through the constriction at the 
bottom, will suffer a pressure drop. The area of flow at 
the bottom of the downcomer is given by (length of weir) 
xX (distance between plate and bottom of downcomer). 
The downcomer pressure drop should not exceed 1 in. of 
liquid. 

Davies‘ has recommended certain downcomer seals (i.e., 
distance between bottom of downcomer and top of out- 
flow weir) for bubble-cap plates which may also be used 
for sieve plates. These values are given in Table II. 

The maximum pressure drop will be for the smallest 
size plate; hence calculation is carried out for 4.7-ft dia- 


“Residual” pressure = 32.1 
P oL 





meter plate. 
Downcomer seal 0.5 in. 
Weir height » 125m, 
Downcomer clearance ... 0.65 in. 
Downcomer clearance 0.65 
area 3.29 x apy = 0.178 sq. ft. 
> 2 
Pressure Drop = Ap. = (2 o) ..Q) 
. AbD 
= 0.88 in. liquid 


All the plates will therefore give satisfactory pressure 
drops. 


(8) Liquid Height in Downcomer. 


Total pressure drop 4.51 
Downcomer pressure drop 0.88 
Clear liquid height 2.00 





7.39 in. of liquid 

The clear liquid height in the downcomer should not 
exceed 0.6 times the plate spacing. The 20-in. plate spac- 
ing chosen is more than ample. 

(9) Liquid Throw over Weir. As the liquid falls over the 
weir, it is thrown some distance beyond. The downcomer 
must be of such width that the liquid does not hit the 
opposite wall. The distance of throw is given by: 


w= Vk H 224) 


Substituting Aw = 0.9 and H = 20, gives w; = 4.2 in. 
The widths of the downcomer segment are (from Table 
1): 
Diameter of 


Plate Wp 

W/D (ft) (in.) 
0.70 4.98 8.5 
— 4.70 8.0 
0.75 5.21 10.6 
— 4.85 9.9 


All the plates are therefore suitable. 


are all suitable, so the final choice must be based on cost. 
Obviously, the smallest diameter p!ate with the shortest 
weir will be cheapest, i.e. the 4.70 ft. diameter plate. The 
cost of one column section is calculated from Equation 
(H27).t 





H WH 
em aA,. — 2D AAA — A cone 2 
Cos 1 i? mD + A Ap) + A; 144 (H27) 
Cost of column wall 531s. 
Cost of plate 93s. 
Cost of downcomer 20s. 
Total cost 644s. 


HUANG and HODSON’S Method* 

In this method, plate diameters are first calculated for 
various assumed values of plate spacing. The combination 
of diameter and spacing which gives the cheapest column 
is then chosen for further study. 


(1) Approximate Diameter. The diameter is calculated 
for various assumed values of the plate spacing by the 
BROWN-SOUDER’S method. The cost of one column section 
is then calculated for some reasonable value of W/D— 
0.70 in this case. The results are shown in Table IV. The 
section with 5.43 ft diameter and 18 in. plate spacing is 
the cheapest, and will be considered further. 


(2) Operating Conditions. The calculations of Table IV 
were carried out for the design conditions. HUANG and 
Hopson suggest that the plate should be designed keeping 
in mind the anticipated or estimated departure of the 
vapour and liquid flow rates from the design figures. 
They recommend that for plates of less than 5 ft diameter 
the variation may be +30%, and for larger plates 
+15%. For this problem the maximum and minimum flow 
rates will be: 


Vapour flow rate 


(maximum) 64 cu. ft/sec. 
(minimum) 47.7 cu. ft/sec. 
Liquid flow rate 
(maximum) 115 U.S. gpm = 95.8 Imp. gpm 
(minimum) 85 U.S. gpm = 70.8 Imp. gpm 


(3) Weir Lengths and Weir Crest. The weir crest is cal- 
culated for both maximum and minimum flow rates for 
various values of W/D. The results are given below: 


W/D W (ft) he (max) he (min) 
0.60 3.26 0.99 0.80 
0.65 3.53 0.93 0.76 
0.70 3.80 0.88 0.73 
0.75 4.07 0.85 0.70 
0.80 4.34 0.80 0.66 


(4) Outflow Weir Height and Total Liquid Height. 
HuaNGc and Hopson recommend that the total liquid 
height should be more than 2 in. but less than 4 in. As the 
minimum weir crest should be 0.5 in., the weir height must 
be 1.5 in. to 3.5 in. The maximum weir crest is shown 
above to be 1.0 in., and the minimum 0.66 in. Hence weir 
height of 1.5, 2.0 and 2.5 in. are considered. Total liquid 
heights are calculated for the maximum liquid rate and 
are given below: 


(in.) (in.) (in.) 
W/D he = 1.5 2.0 2.5 
0.6 hr = 2.49 2.99 3.49 
0.65 2.43 2.93 3.43 
0.70 2.38 2.88 3.38 
0.75 2.35 2.85 3.35 
0.80 2.30 2.80 3.30 





+ Equations and Figures with ‘‘H”’ denote equations and figures in the paper 


(10) Final Choice of Plate. The four plates listed above 4y Huanc and Hopson.’ 
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(5) Downcomer Seal. Values recommended are 0.25 or 
0.5 in. 

(6) Downcomer Clearance. For the above values of 
weir height and downcomer seal, the clearance will range 
from 1 in. to 2.25 in. 

(7) Downcomer Pressure Drop. The maximum down- 
comer pressure drop will be for the maximum liquid flow 
rate and minimum clearance area, i.e., for W/D = 0.6 and 
clearance of 1 in. The pressure drop, calculated from 
Equation (3), is 0.5 in. of liquid. All the weir lengths and 
clearances are therefore practicable. 

(8) Choice of Weir Length. Up to this point the calcu- 
lations were carried out in the order recommended by 
Huanc and Hopson, but now a departure is made. Five 
weir lengths can be used with the 5.43-ft plate and a 
choice must now be made between them, This choice is 
again based on cost. 


W/D Cost 
0.60 697s. 
0.65 697s. 
0.70 696s. 
0.75 694s. 
0.80 691s. 


The weir length of W/D = 0.80 is the cheapest, but the 
weir crest at minimum liquid rate is also lowest, only 
0.66 in. The costs of W/D = 0.70 and 0.75 are practically 
the same, but W/D = 0.7 gives a higher weir crest; hence 
W /D = 0.7 is chosen for further calculations. 

(9) Total Hole Area. From Table I the area available 
for holes is 15.4 sq. ft. The total hole area is calculated for 
different pitches from the relationship given in Table I. 


Pitch v (max) 
dia. of hole Au (sq. ft) v (min) (ft /sec.) 
2.5 2.23 21.4 28.7 
3.0 1.55 30.8 41.3 
a5 1.14 41.9 56.2 
4.0 0.872 54.7 73.4 
4.5 0.688 69.4 93.0 


(10) Vapour Velocity Through Holes. The vapour velo- 
city through the holes is calculated and given above for 
both maximum and minimum flow rates. 

(11) Pressure Drop Across Plate. For calculating the 
“dry” pressure drop, HUANG and Hopson recommend 
Hunt’s equation: 

App = (12) (pa/pr) (1.14) (vu*/28-) 


[o4 (1.25 — 4a) + (: — Au) | ...-(H14) 


The total pressure drop will consist of the “dry” pressure 

drop plus total liquid head plus “residual’’ pressure drop, 

31.2/p.. The total pressure-drop values are given below: 
Pitch 


dia. of hole Po hr 31.2/pr Apr 
2.5 0.87 3.38 0.57 4.82 
3.0 1.97 3.38 0.57 5.92 
3.5 3.74 3.38 0.57 7.69 


The calculations are carried out for the maximum vapour 
velocities and maximum total liquid height. It will be seen 
that: (i) the total pressure drop increases with increasing 
pitch/diameter of hole ratio; and (ii) for the pitch ratio 
of 3.5, the liquid standing in the downcomer due to vapour 
pressure drop alone is 7.7 in., while the plate spacing is 
18 in. Higher values of the pitch ratio will therefore be 
unsuitable. 

(12) Liquid Height in Downcomer. The liquid height in 
the downcomer is given by: 

hp = hr + Apr + ADPc 
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Pitch Ratio Apr hr Pe ho 
2.5 4.82 3.38 0.5 8.70 
3.0 5.92 3.38 0.5 9.80 
3.5 7.69 3.38 0.5 11.57 


As the plate spacing is 18 in., a pitch ratio of 3.5 is 
unsuitable. With a pitch ratio of 2.5, the vapour streams 
are too close to each other, and the efficiency suffers; 
pitch ratio of 3.0 is therefore chosen as satisfactory. 


(13) Plate Spacing. This is given by: 


H = 2p — he ....(H19) 
= 19.6 — 0.88 
= 18.7 ins. 


The plate spacing of 18 in. may be considered satisfactory, 
but to be on the safe side 19 in. or 20 in. may be used. 


(14) Tray Stability. At this stage, HUANG and Hopson 
test whether the vapour velocity through the perforations 
is sufficient to prevent “weeping”. The test is made with 
the anticipated minimum vapour flow and maximum 
liquid height on plate. At the “weep” point, the “dry” 
pressure drop is given by 

Apomu = 0.2 + 0.05 hr ...- (H20) 
Substituting Ar = 3.38, Apom = 0.369 in. of liquid. 

Substituting this value of App in Equation (H14) gives 
vu = 17.86 ft/sec. The plate will be stable even at the 
anticipated minimum vapour flow. The vapour velocity 
under design conditions is 35.8 ft/sec. or 2 vy. 

(15) Entrainment. Column area = 23.16 sq. ft. 

Downcomer area = 2.0 sq. ft (Table 
I). 

Ar free area = 21.16 sq. ft 

vp = 64/21.16 = 3.02 ft/sec. 

S = 18 — (2.5 X 3.38) = 9.55 in. 
Equation (2). 

From Equation (1) E = 0.038 Ib. liquid/Ib. vapour. This 
is less than the maximum limit of 0.05, and is satisfactory. 
If a plate spacing of 19 or 20 in. is actually used, the 
entrainment will be even less. 

(16) Width of Downcomer. The liquid throw over the 
weir is calculated from: 


we = 0.8+/ he (H + hy — hp) 

0.84/ 0.88 (20 + 2.5 — 9.8) 
= 2.7 

Width of downcomer is 9.4 in. (Table I). The downcomer 

is therefore satisfactory. 

(17) Flexibility. The criterion of tray flexibility is: 

hy/(H + hw) Ss 0.5 .... (HT8) 

When H = 18; hw = 1.5; hn = 8.8, the criterion becomes 

0.45. 

When H = 20; hw = 2.5; hv = 9.8, the criterion becomes 

0.44, 





....(H25) 





HUGHMARK and O’CONNELL’S Method’ 

HUGHMARK and O’CONNELL start by assuming a plate 
spacing and calculating the diameter of the column by the 
BROWN-SOUDER’S method. Although the authors do not 
mention it, the choice of plate spacing must be based 
either on experience or on some criterion such as cost. 

(1) Diameter of Column. Taking the criterion of cost, 
the column of 5.43 ft diameter and 18 in. plate spacing will 
be chosen as it was shown to be the cheapest (Table IV). 

(2) Downcomer Area. HUGHMARK and O'CONNELL sug- 
gest that the downcomer should be designed to give a 
liquid flow of 0.3 ft/sec. 


Downcomer area = 0.223/0.3 = 0.743 sq. ft. 
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TABLE I 
wip | ”2 ft Ab Pitch of holes AH 
pft Ac dia. of holes Ap 
0.60 0.10 0.051 2.5 0.1450 
0.65 0.12 0.0675 3.0 0.1007 
0.70 0.143 | 0.0866 3.5 0.0740 
0.75 0.169 | 0.1113 4.0 0.0566 
0.80 0.20 0.1425 4.5 0.0447 
D 3 4 5 5 6 7 
Ww 
D Area available for perforation, sq. ft Ap 
0.60 4.64 9.0 14.82 14.15 21.23 29.62 
0.65 4.37 8.54 14.08 13.45 20.30 28.18 
0.70 4.07 8.02 13.28 12.68 19.19 26.87 
0.75 3.69 7.29 12.67 11.72 17.79 24.98 
0.80 3.26 6.60 11.07 10.57 16.13 22.62 
3-in. wide calming zone | 3-in. wide calming zone 
along weir; 2-in. wide | along weir; 3-in. wide 
wall clearance wall clearance 

















TABLE Il—Recommended values of Weir Height and Downcomer 
: Seal 

































































Weir Height 
Operating pressure hw, in. 
Vacuum 0.5 
Atmospheric P = ite 1.0 
100 psig .. on be ws ve 1.5 
300 psig : - 2.0 
Downcomer Seal 
Tray diameter Seal, in. 
Less than 6 ft 0.5 
8ftto 12ft .. al me ae an 1.0 
16 ft to 24 ft - a ae i 1.5 
TABLE Ill 
Vapour No. D, ft W, ft Weir crest, in 
velocity of lWwp-|wip-|wip-| wip-| wip-| wip— 
holes | 0.70 0.75 0.70 0.75 0.70 0.75 
1.33vag=32.1) 9030 | 5.69 | 5.90 | 3.98 | 4.42 — — 
1.5 vag=36.1} 8020 | 5.38 | 5.6 3.77 | 4.20 —~ — 
1.75vag=42.1| 6870 | 4.98 | 5.21 | 3.49 | 3.91 | 0.86 | 0.796 
2.0 vag=48.1} 6020 | 4.70 | 4.85 | 3.29 | 3.64 | 0.89 | 0.833 
TABLE IV 
H, in. D, ft Cost, s. 
15 6.17 701 
18 5.43 696 
20 5.18 720 
24 4.90 790 
30 4.66 910 























For a plate of 5.43 ft diameter and W/D = 0.7, the 
downcomer segment will have an area of 2.0 sq. ft. A 
segment with an area of 0.743 sq. ft will give a weir length 
of 33.2 in. (i.e. W/D = 0.51) and a weir crest of 1.0 in. 
Although the weir crest is satisfactory, the W/D ratio is too 
small. The alternative is to have a weir of W/D in the 
range 0.65 to 0.8 and either: (i) use the entire segment 
area for the downcomer; or (ii) let in a downcomer of 
0.74 sq. ft cross-sectional area into the segment. The 
former course is more satisfactory. 

(3) Hole Size and Pitch. The hole size has already been 
given as ys in. Assume pitch of } in., i.e., pitch ratio of 
4.0. 

(4) Minimum Hole Velocity. The authors have corre- 
lated vup?5 with Apr at minimum vapour velocity and 
given the result as a graph (Fig. C7).t The method is to 
assume a value for (vwp?*) and calculate Apr; the assumed 
value is then compared with (vp%;>') read from the graph 
at the same value of Apr. To calculate Apr the value of 
hr must be known, For a weir of W/D = 0.7, the weir 
crest is about 0.8 in.; if the weir height is 1.2 in., the total 
liquid height will be hr = 2.0in. The “dry” pressure drop 
is given by: 

’ 2 = / 2 
Ape _ 0.003 v ec [1 (An/Ap)*| 


c 





in. of water .- (Se) 
The orifice coefficient, c, is given in Fig. C2 as a function 
of hole diameter /plate thickness. For this problem: 
An/ Ap = 0.0566; C = 0.81; assume vp%> = 13.0 
App = 0.77 in. water 
= 0.856 in. liquid. 

The authors call the term (Ar + 31.2/pz) the “effective 
pressure” and give a correlation of the effective pressure 
with Ar (Fig. C4). For Ar = 2.0, the effective pressure is 
1.7 in. liquid or 1.5 in. water. The total pressure drop Apr 
is then 1.5 + 0.77 = 2.27 in. water. From the correlation 
in Fig. C7, the value of (vmp%*) at Apr = 2.27 is 13.0; 
the assumed value is therefore correct. 

vupe> = 13.0 
vw = 33.6 ft/sec. 


(5) Maximum Hole Velocity. The maximum hole velocity 
is that which causes the liquid height in the downcomer 
to be half the plate spacing. The plate spacing is 18 in., so 
the liquid height in the downcomer must be 9 in. 

hy = hr + Apr + Ape = 9 
hr = 2.0; Ape = 0.5; hence Apr = 6.5 in. of liquid. 

“Effective” pressure for Ar = 2.0 is 1.62in. The “dry” 
pressure drop is then 6.5 — 1.62 = 4.88in. of liquid = 
4.4in. water. Substituting this value in Equation (5) gives 
vp®> = 31.08 or v = 80.3 ft/sec. 

(6) Operating Hole Velocity. HUGHMARK and O’CONNELL 
suggests that the operating hole velocity should be the 
average of the minimum and maximum. For the present 
problem, v = 57 ft/sec. and vp? = 22.0. 

(7) Operating Pressure Drop. At the operating vapour 
velocity, the “dry” pressure drop is 2.22in. of water or 
2.46 in. liquid. The effective pressure drop is 1.62 in., giving 
a total pressure drop, Apr, of 4.08 in. of liquid. 

(8) Liquid Height in Downcomer. hp = hr + Apr + Ape 
= 4.1 + 2.0 +0.5 = 6.6 in. liquid. 

(9) Number of Holes. The vapour flow is 55.56 cu. ft/sec. 
at hole velocity of 57 ft/sec. The total hole area is thus 
0.976 sq.ft. The area available for holes is 15.4 sq. ft. 
Hence, An/Ap = 0.976/15.4 = 0.0634. From Table I it is 
seen that this value of An/Ap corresponds to a pitch ratio 
of 3.80. The number of x%-in. holes to give 0.976 sq. ft hole 
area is 0.976/0.000192 = 5070. One weakness of the 





t Equation and Figures with “‘C’’ denote equations and figures in the 


paper by HuGHMARK and O'CONNELL.’ 


British Chemical Engineering 








HUGHMARK-O’CONNELL method is that the pitch is assumed 
in step 3 without any particular reason, and it is only in 
step 9 that it is possible to test the correctness of this 
assumption. 


Comments 

The columns designed by the three methods are com- 
pared in Table V. The chief difference between the author’s 
method and the other two is in the starting point of the 
calculations. HUANG and Hopson and HUGHMARK and 
O'CONNELL start with several arbitrary plate spacings and 
calculate the corresponding diameters; one or more 
columns are then chosen for further study on the basis 
of cost. Only later are the chosen columns tested for per- 
formance, particularly stability. The disadvantage of this 
method is that either: (i) none of the chosen columns will 
be found suitable; or (ii) all will be suitable. HUANG and 
Hopson’ mention that for the problem illustrated in their 
paper there were 38 satisfactory plate layouts, of which 
four were selected as optimum and one finally chosen. 
Obviously this not only requires a high degree of judg- 
ment, but is also laborious in calculation. 

The author’s method starts with one limiting factor in 
the design—the minimum vapour velocity. This consider- 
ably reduces the number of alternative designs, besides 
giving the assurance from the beginning that all the lay- 
outs considered will at least be stable. 

The choice of plate spacing on the basis of cost may 
lead to difficulties if the foam height is not taken into 
account—as in fact the other two methods do not. In the 
author’s method the plate spacing is decided upon after 
calculations have been done for foam height and 
entrainment. 

HuGHMARK and O’CONNELL’s and the author’s calcula- 
tions are done for the design conditions; HUANG and 
Hopson take into account the possible variation in the 
liquid- and vapour-flow rates from design figures. These 
variations can be taken into account by the other two 
methods, although it was explicitly done only in the HUANG 
and Hopson calculations. However, the calculations show 
that a plate layout based on design figures will have a 
considerable margin for variations; in fact, a plate correctly 
laid out for design conditions will have a sort of “built-in” 
tolerance of 10 to 15%. 

A properly-designed tray must give good performance 
at minimum cost. The difference between HUANG and 
Hopson’s and the author’s approach may be summarised 
thus: HuaNG and Hopson select a number of cheap trays 
and finally decide on the tray that gives the best per- 
formance; the author selects a number of trays that give 
good performance and finally decides upon the cheapest. 

Minimum Vapour Velocity. Table V shows that the 
minimum vapour velocity calculated by the three methods 
differ considerably. In the author’s method, the minimum 
vapour velocity is calculated from the equation 


(vup95) = F — 18.8 (1 — 8) .... (El) 


where F is correlated with hz in Fig. El. This method thus 
gives vw as a function of pa, 6 and hr. 

Huanc and Hopson calculate the “dry” pressure drop 
at the “weep” point from: 

Apom = 0.2 + 0.05 Ar ooo (2D) 
and v» is then calculated from Equation (H14). vm is thus 
a function of pr, pc, An, Ar and hr. Now, An depends 
only on the pitch/diameter of holes ratio (Table I) and 
plates with 6 = tin., pitch = ?in. will give the same value 
of An as plates with 6 = }in., pitch = } in. In HUANG and 
Hopson’s method, therefore, the minimum vapour velocity 
is independent of 3. 

HUGHMARK and O’CONNELL give a correlation which 
can be expressed as: 
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Fig. 2. A comparison of three methods which give a 
complete tray design including dimensions of weirs 
and downcomers. 


TABLE V—Comparison of Columns Designed by Three Methods 











Author HUANG- HUGHMARK- 
Hopson O’CONNELL 

Diameter, D, ft Za 4.70 5.43 5.43 
Plate spacing, H, in. 20 18-20 18 
Weir length, W, ft .. 3.29 3.7 3.7 
W/D i a 0.7 0.7 0.7 
Weir height, Aw, in... 1.2 2.5 1.2 
Hole dia., in. sé fs $s ts 
Pitch ratio .. e 3 3 4 
vo, ft/sec. .. ea 24.1 17.86 33.6 
Design, v, ft/sec. .. 48.1 35.8 57 
vivM .. “yi a 2.0 2.0 7 
Apr, in. liquid 4.51 4.84* 4.08 
hp, in. liquid “ 7.39 8.64* 6.6 
Cost, s. di wn 644 710t 696 

















* Under design conditions. 
t For 20-in. plate spacing. 


TABLE Vi—Comparison of Dry Pressure Drop by Various 








Equations 

c Po 
Kamel et al. .. 0.775 1.07* 
0.85 0.89t 
HUGHMARK-O’CONNELL .... Le 0.81 0.97* 
0.85 0.88t 
Hunt eft al. .. 4 We és 0.94 0.965 

KoLopzr et al. a5 S we 0.85 0.76 








* c—values given in author’s papers 
t+ c—values taken from KoLopzie. 
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vup®® = 4.0 + 4.0 Apr sxe 
pr = App + “effective” pressure nse 
and App is given by Equation (5). vw is thus a function 
of pa, pr, Au, Ar and Ar, and is independent of 4. 
KHARBANDA® has given another equation based on his 
work on steam-water and ethanol-water distillation. His 
equation, in convenient form, is: 





.0592 1.029 x 10° 
Vm = 0.059 (a | is se ° (7) 
eG 8 


The second term within the brackets is negligibly small, 
and for §6=0.125in. to 0.25in. the average value of 


&" = 0.761 is correct to within 5%. Hence, for all practi- 
cal purposes, Equation (7) can be simptified to: 
vw = 0.045 px/pe coes (8) 


KHARBANDA’S equation suggests that vw is a function of 
pa and pz and is essentially independent of 4 and Ar. The 
value of vy calculated from Equation (7) is 16.9 ft/sec.; 
the close agreement with HuANG and Hopson’s figures is 
probably a coincidence. 

This discussion shows that one of the major uncer- 
tainties in sieve-plate design is the calculation of the mini- 
mum vapour velocity; this factor obviously merits further 
study. 

“Dry” Pressure Drop. In the HuaNnc-Hopson and 
HUGHMARK-O’CONNELL methods the minimum vapour 
velocity is calculated through the “dry” pressure drop. It 
is therefore interesting to review briefly the various equa- 
tions suggested to calculate this pressure drop. Put in com- 
parable forms, the equations are: 

(1) Kamel, et al.6 This equation was used by the author 
in this and the previous paper.’ 


2 
App = 0.187 = , £9 
c 62 


The orifice coefficient c is a function of plate thickness 
and hole diameter. The values given in the previous paper’ 
are for various hole diameters and plate thickness/hole 
diameter = 1.0. 


(2) HUGHMARK and O'CONNELL.’ 
2 
App = 0.1875 , ©2 [1 — (An/Ap)*] 
Cc PL 


c is a function of (plate thickness/hole diameter) only. 
(3) Hunt et al.’ This equation is used by HuaNG and 
Hopson. 


v ‘ °G An AH ; 
=0. <=} .— 10.4) 1.25 ——} + (1—— 
A po=0.187 (s%) ‘ Jos (1.25 4s) (: An) 
The orifice coefficient here has a constant value of 0.94. 
(4) KoLopzie and VAN WINKLE.’ 


2 
App = 0.187 5. = (1—An/ Ap)? 


c is given as a function of (plate thickness/hole diameter) 
and (pitch/hole diameter). 

KAMEI’S equation implies that the pressure drop through 
a hole is not affected by neighbouring holes, The other 
equations implicitly or explicitly take into account the 
effect of neighbouring holes. 

“Dry” pressure drops were calculated by the four equa- 
tions for the following conditions: v = 35.8 ft/sec., pg = 
0.15 Ib./cu. ft; px = 56.0 lb./cu. ft; An/Ap = 0.1; An/Ar 
= 0.0733; hole diameter = 0.1875 in.; pitch/ho’e diameter 
= 3.0; plate thickness/hole diameter = 1.0. The results are 
given in Table VI, in terms of in. of liquid. 

The KoLopzie et al. equation gives the lowest value. The 
other three equations give comparable values when c-values 
of the respective authors are used. When KOLODZIE’s c- 
values are used. KAMEI and HUGHMARK-O’CONNELL give 
practically identical results, but Hunt will give a very 
much higher value (1.17). It appears, then, that any of the 
first three equations can be used with the c-values given 
by their respective authors; KAMEI’S equation is the 
simplest. 
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New Agent Prevents Sea Pollution 


BRITISH discovery that will, it is claimed, make a 

significant contribution to the prevention of oil pol- 
lution of the sea has been announced. The discovery is a 
surface-active agent which was specially designed by 
research scientists of D.S.I.R. and Glovers (Chemicals) 
Ltd., of Leeds, to overcome certain boiler troubles in 
ships, for which it has proved successful. Trials have now 
shown two other very important uses. The first is for 
tank cleaning in dockyards; the second is for the cleaning 
of tanker washings at sea, the disposal of which.can.be a 
major source of pollution. 

The Fuel Research Station, D.S.I.R., was asked by the 
Admiralty to undertake an investigation of this problem. 
At the outset, all possible methods of de-emulsification 
were examined at the Station. The addition of surface- 
active agents was found to be the most promising. 
Representative types of every agent available on the 
British market and numerous agents from foreign sources 
were examined but, with even the best of these, marked 
specificity was observed; i.e., no agent would break emul- 
sions with all oils. It was decided that the only thing 
to do was to “tailor-make” a molecule specially for this 
purpose. As facilities for such synthesis were not avail- 
able at the Station, three chemical manufacturers were 
approached and, of these, Glovers agreed to co-operate 
in developing an agent. The work comprised a study of the 
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effects of systematic variations of the molecular structure 
of certain compounds on their efficiency as emulsion 
breakers. In this way an efficient molecular structure was 
brought to light and this agent has now been patented 
jointly under the name of “Fomescol” by D.S.I.R. and 
Glovers. 

A series of trials, carried out by the Admiralty working 
with the Station, Glovers and using Fomescol. proved 
entirely satisfactory. It shows no specificity in action with 
any oil so far examined, nor is any critical concentration 
shown. In use, about 0.01 parts of the agent dissolved in 
water is mixed with 100 parts of oil; the oil is then heated 
to 140°F for 12-24 hours, when the water separates to the 
bottom with a clean interface. 

A further series of Admiralty trials undertaken on tank 
cleaning in dockyards have also shown satisfactory results, 
the oil being recovered and more than 80% of the agent 
also being recovered for re-use. This, it is stated, is the 
first time that such a claim has appeared for any surface- 
active agent on the world market. 

The tanks of tankers are frequently cleaned at sea, the 
resulting mixture of oil and salt water being collected and 
stored in one tank. If this mixture cannot be discharged 
ashore it must be pumped out into the sea. With Fomescol 
the oil can be recovered dry and sold, so that dumping of 
the residues will no longer be necessary. 
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SEPARATIONS AT EXTREMES OF CONCENTRATION 


LATE-to-plate, algebraical or graphical procedures can 
be used to determine the theoretical number of plates 
required in a distillation column for separating the com- 
ponents of an ideal binary mixture. When the design 
involves extremes of concentration at the terminals of the 
distillation column, if a graphical construction is used for 
the solution, such as the McCaBeE-THIELE method, it is 
necessary to amplify the extremes of the construction in 
order to get a more accurate solution. Fig. 1 is a typical 
graphical solution applied to the enriching section of a 
column from which it is desired to get a very pure pro- 
duct, while Fig. 2 shows magnified, the uppermost part of 
the diagram. An alternative method is to perform the plot 
on log-log paper; in this type of construction the equili- 
brium curve is usually a straight line, since for small values 
ax 
1+ («a—I1)x 
operating line, which is of the form y = ax + b, is, how- 
ever, a curve unless the last term can be neglected. 
Another method has been suggested recently’ in which 
the equilibrium curve at either of its extremities is re- 
placed by tangents to the curve. The solution has the 
usual background of simplifying assumptions associated 
with the McCaBE-THIELE method, i.e., in both sections of 
the column the molar overflow of either liquid or vapour 
is substantially constant, the heats of mixing of the 
liquid and vapour phases, and heat losses from the column 
are negligible. The feed in the solution presented is 
saturated liquid. 
The slope of the tangent drawn to the equilibrium curve 
at the point x = y = 1 in the enriching section is y’ = 1/2, 


of x the relation y = becomes y = ax. The 


and its equation is y = : (x — 1) + 1. 
a 
The operating line in the enriching section is given by 


— AY * 
y= 7 ,™ 


and its slope O/V = may be written = k. 


R+1 
Taking the construction shown in Fig. 2 and working 
downwards from the top plate, we can write a series of 
equations for the composition changes from plate-to-plate 
down to the limiting point where the straight line approxi- 
mation will no longer hold. Thus for the liquid composi- 
tions we have in the rectifying section: 
Ax = xt — x = (1 — xt) (2 — 1) 
Axe = (x1 — x2) = ka (xe — x1) 
Axs = X2 — X3 = ka (x1 — x2) = ka” (xt — x) 
n 
DAx = x1 — x1 + ka(xe — xm) + kh’? (x, — mi) +... 
+ k®-"a"—-" (xe — x1) = xt — Xa 


knqgn— | knan— 1 





Jan Cr+) = U-x%) @-)D TG . (1) 
Rearranging and taking logarithms yields 
oe [2 io ] 
"= jogke "8 La—xye@—p *! -@) 


Using the vapour compositions instead of liquid com- 
positions, the number of theoretical stages is given by: 
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Symbols Used 
x = molar fraction of the more volatile component in 
the ligud phase: 
y = molar fraction of the more volatile component in 
the vapour phase: 
concentration liquid phase at end of straight line 


xa = 
replacing the equilibrium line in the enriching part 
of the column; 

xX: = composit’on of the reflux from the total condenser; 

X. = compeasition of liqud at the reboiler; 

xp =Iqu'd composition at the end of the straight line 
replacing the equilibrium curve in the stripping 
section; 

yA = vapour composition corresponding to x4: 

yt = composition of vapour leaving the column; 

Ye = composition of vapour in the reboiler; 

ys = vapour composition corresponding to xg; 

«= rela‘ive volatility: 

m = number of theoretical plates in the enriching part 
of the column: 

n’ = nunber of theoretical plates in the stripping part of 
the column: 

R = reflux ratio in the enriching section; 

R’ = reflux ratio in the stripping section: 

V = mols. of vapour leaving the column: 

V’ = mols. of vapour passing up the stripping section; 

O = mols, of licuid flowing from plate to plate in the 
enriching section: and 

O’ = mols. of liquid flowing from plate to plate in the 


stripping section. 














Q92 Qs = 496 
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Fig. 2. Amplified version of the 
upper part of the construction 
shown in Fig. 1. A tangent to the 
curve is used for calculating the 
number of plates. 


Fig. 1. Number of theoretical 
plates in the enriching section in 
the separation of a very pure 
component from a binary mixture. 
McCabe-Thiele method. 


i (¥t—Ya) (ka—1) | 
" coke b4-we-b +1 oceely 

If a very low concentration of the more volatile com- 
ponent is desired in the reboiler, then the number of 
theoretical plates in the stripping section is obtained by 
similar reasoning, thus: 


k’ (xp — xw) (2 . 1) 
4 





n log 











“ - log ge 1] ....@ 
rs (7) 
a 
1 (ya—yw) (4 - 1) | 
——e ..(5) 


or a= 1s(4) log 
og "7g 


where k’ = O’/V’ 

The remaining part of the calculation, that is, the part 
not concerned with the extreme conditions, is carried out 
in the usual way with the actual equilibrium curve. 





*Zvu, L. V. Strojirenstvi, 1958, 8, 745-46. 
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TO BINARIES 


REDUCING MULTI-COMPONENT SYSTEMS 


A simplified method of performing multi-component distillation calculations. 
The method is illustrated by the distillation of a system with 30 components 


by W. R. VAN WIJK, P. J. BRUIJN and H. GOEDKOOP, Hzn 


HE complex character of multi-component distillation 

calculations and the time involved in such calculations 
have stimulated the search for simpler methods. Substitution 
of a virtual binary mixture for the actual multi-component 
system has often been suggested. The selection of the substi- 
tute components is, however, essential for the success of such 
a simplification and this is mostly left to personal judgment. 
It is then very difficult to estimate the accuracy of the result. 
The method described in this article is free from such vague- 
ness.' It is based upon the analytical theory of distillation 
developed by one of the authors.** The degree of accuracy 
of the result can be estimated from the accuracy with which 
a certain function characteristic of the multi-component 
mixture can be approximated by a similar function for a 
binary mixture. As it is impossible to set forth the theory in 
a few pages, some points indispensable for an understanding 
of the method of substitution by a binary mixture will be 
mentioned here. For the proofs of the formule and further 
details the reader is referred to the original articles.** 


Theory of Multi-component Distillation 

Only the simplest case of a constant reflux will be treated. 
Reference is made to the literature’? for variable reflux. 
Constant relative volatilities also are assumed. An arbitrary 
component in the multi-component mixture is selected as the 
reference component. Its equilibrium constant, K, is combined 
with the constant molal liquid rate and the likewise constant 
molal vapour rate to the absorption factor Am = (L/KV)m. 
which is the variable primarily considered in the theory, 
The subscript m refers to the mth tray in the bottom section 
of the column. In that section the trays are numbered upwards, 
starting with m=O in the reboiler. The absorption factor of 
a component p of which the volatility in respect to the ref- 
erence component is Kp/K = «, is obviously Apm = %)' Am. 

All relevant quantities such as component rates or the 
temperature at an arbitrary tray can be expressed in terms of 
absorption factors on different trays or of their products. In 
the top section the stripping factor S, = (VK/L), takes the 
place of A» as the fundamental variable. 





W. R. vam Wijk studied physics in Utrecht, Thesis, Utrecht, “‘The Nuclear 
Spin of Nitrogen’’ (1930), head Physics Department, Amsterdam Laboratory, 
Royal Dutch Shell 1933, Professor of Physics and Meteorology at the Agricultural 
University, Wageningen, Holland, since 1947. P. 3. Bruijn studied physics in 
Utrecht. F.O.M. research associate since 1954. H. Geedkoop, Hzn., M.1.N.A., 
studied naval architecture, Delft, senior naval constructor Netherlands (since 
1949 Indonesian) Naval Base, Sourabaya 1931, with staff physical laboratory, 
Agricultural University, Wageningen, since 1957 
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The Bottom Section 

The trays are numbered from m=0 to m=M-+1, which 
pertains to the feed tray. Liquid and vapour rate of an 
arbitrary component have to satisfy two basic equations, one 
expressing the law of conservation of matter and the other that 
states that equilibrium between vapour and liquid is estab- 
lished on each tray. 


Lp.m+1 = Vp, m + Bp — 
Lom = Am %p-* Vo, m ee 
The appropriate solution of these equations is 
k=m 
Lp, m+, Ap(m) = BD, ay™—* Ap(k) + Vp, o%p” -G) 
k=o 


in which Ap(m) is the absorption factor product of the 
reference component.* Equation (3) is exact. It holds for all 
components in the stripping section. 

In actual distillations, however, the residue rates of the 
highly volatile components that go practically entirely to the 
distillate are not specified. Thus B, is not given for them, 
although B, must be small in comparison with the residue 
rates of the less volatile components for which B, is specified. 
The first class of components shall be referred to as unspecified 
components, the second class are the specified components.t 
Components that are unspecified in the residue are necessarily 
specified in the distillate and conversely. Key components are 
those that are specified in both terminal products. Henceforth, 
p or q will be used as subscripts for a component in general, 
i or j for specified and u or v for unspecified components. 

All components have to satisfy a relation at the feed tray. 
If equilibrium is established, this condition is: 


V, 
Lp, M+1 AMM) = Ap(M-+1) > ap? Vo,nir -..(4) 

t 
since the absorption factor of the reference component at the 
feed tray is: Ly Vs AM+1) an 

V, Kr V, Ap (M) ip 

The notation N +1 is used to denote the feed tray in the top 
section. If equilibrium is not established, some other equation 
takes the place of (4). Adding (3) for all components and 


recalling that the reflux is constant, the following equation 
is obtained, from which Ap(m) can be calculated. 





AF 





*The easiest proof that Equation (3) is the solution of Equations (1) and (2) 
consists in showing that it follows from Equations (1) and (2) for m=0 and that 
if it is a solution for m it is also a solution for m+ 1; see reference 2. 

tTo the author’s knowledge, V. A. UNDERWOOD introduced the terms specified 
and unspecified components. 
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Fig. 1. Selection of virtual components. 
One obtains: B*, = 0.029610 a*py,1 = 1.2473 
B*, = 0.215301 a*p,2 = 0.5701 
D*, = 0.041151 a*t,1 = 1.84676 
D*, = 0.013612 a%,2 = 1.0436 
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FIG.2 


Fig. 2. Vapour rate in top versus liquid rate in bottom for 30- 
component distillation. The region above to the right of the boundary 
curve is the region in which the separation can be performed. The 
points on the boundary curve represent minimum reflux conditions. 
All distillations ag pgp to a given heat content of the feed fall on 
a straight line as V. — Vx, and hence V, — Ly have constant values 
for them. In the above figure this straight line is shown for the cases 
that Vv; — V. = 0 
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Fig. 4, Vapour rates at minimum reflux. The binary approximation 
has been used to calculate the rates between top and pinch. In the 
section between the pinch and the feed tray the unspecifieds occur. 
cifieds. — — — — — — unspecifieds. Vv.=V.= 
0.2119; La,min = 1.1277. 


Fig. 3. Liquid rates at minimum lux. The binary approximation 
has been used to calculate the rates yeen bottom and pinch. The 
limiting concentrations calculated from Equations (35) and (36) are 
excellently approached, which proves the satisfactory approximation 
by the binary mixture. In the section between the pinch and the 
feed tray the wunspeci occur, —————————_—S es Speci b 
— ee unspeci, . Ve = Vi. = 0.2119; Lewin = 1.1277. 














k=m 
Ly Ap(m) = 2 >, »Bexs"-* Aptk) + >. Me o%p” 
k=o 


ion 
This equation is discussed in the papers dealing with the 
theory. Here, only the solution is given without discussion. 





One has: Ap(m) = <Xpcb,p?b,p™ oon 

in which ¢», p is the reciprocal value of a root of the equation. t 
B 

= = P-- = 0 oaoale 

Le ip i—, r ( ) 


1 (1 —2,95, p~*) 
= (Rg + 1) -—; .. 
Cb, p ( B ) il (1—95, ¢?5.p ( ) 


if it is assumed that the composition of the vapour leaving 


tEquation (8) is the same equation as derived by UNpeRwoop (vide reference 4.) 





Further: 








the reboiler is equal to the composition of the residue; thus 


V>.o = Re By.’ The symbol I] means the product of the 
factors (1 —%g 9», >~*) where q ranges from | to J if J is the 
number of components in the mixture. The prime in the pro- 
duct in the denominator indicates that the factor in which 
q=p must be omitted. One has for the liquid rate of a com- 
ponent, according to (3), from tray m+1: 

Lp,m+1 %q Cb,a?b.q” 


1—(ap—*9o, g)"** 
= Byxp™ | Cb,q 1—a,—"9,¢ + Rel} ....(10) 





The Top Section 
The equation in the top section analogous to (3) is: 


§ This assumption does not restrict generality. If the vapour is in equilibrium 
with the residue, one tray less can be used (vide reference 3). 








Symbols Used 


Ar= absorption factor of the reference com- 
ponent on the feed tray; 
A8; = Ar computed from data pertaining to the 
bottom section; 


Ly, M+ 
A'r = Arf computed from — : 
r, N+1 
ATr = Ar computed from data pertaining to the 


top section; 
Am = absorption factor of the reference com- 
ponent on tray number mm; 
Ap (m) = absorption factor product for the reference 
, component at tray number m. Ap(m) = 
A,Az...Am}; 
B; = residue rate of component /; 
B*; = residue rate of component i in binary 
approximation; 
6 = additional suffix indicating that the quan- 
tity belongs to the bottom section; 
= constant occurring in the expression of the 
absorption factor product Ap(m) = 
Li Cb, i Pb, i; 

c*»,; = constant occurring in the expression of the 
absorption factor product of the binary 
approximation (bottom section); 

Ct, i = constant occurring in the expression of the 
stripping factor product Sp(n) = 
zi Cri Pt,i"5 
c*;,; = constant occurring in the expression of the 
stripping factor product of the binary 
approximation (top section); 

= distillate rate of component /; 

= subscript to indicate heavy key; 

subscript to indicate a specified component; 

subscript to indicate a specified component; 

equilibrium constant of the reference 
component; 

equilibrium constant of component ij on 

tray m; 

Kr = value of K on feed tray; 
Km = value of K on tray m; 
Lp = total liquid rate in bottom section; 
L*, = total liquid rate in bottom section of the 
binary approximation; 
Li, m Or Li,n = liquid rate of component i leaving tray m 
or nm respectively; 
Lp,o = liquid rate of component p leaving the 
condenser (Lp, o = RoDp); 
IL; = total liquid rate in top section; 
L*, = total liquid rate in top section of the binary 
approximation; 
1 = subscript indicating light key; 
M-+1 = number of feed tray as pertaining to bottom 
section; 
m = index for tray number in bottom section; 
N+ 1 = number of feed tray as pertaining to top 
section; 


I 


til 


xx. a 
| 


Ki, m 


ll 





n = index for tray number in top section; 
p = index indicating a component in general; 
q = index indicating a component in general; 
Re = reflux ratio in reboiler = 
Vo/XiBi = Vo/urlo); 

R*z = reflux ratio of binary approximation in 

reboiler; 

Rp = reflux ratio in condenser = 

Lt LViDi= Lt/ufo); 
R* p = reflux ratio of binary approximation in 
condenser ; 
r = sub-index indicating a reference component; 
Sr = stripping factor of reference component at 
feed tray. Sp = YL 
Si,n = stripping factor of component i on tray 
number n; 
Sm, Sn = stripping factor of the reference component 
on tray m or n respectively; 

Sp(n) = stripping factor product for the reference 
component at tray number 7. Sp(n) = 
= S,S> o* Se: 

t = additional sub-index indicating that the 
quantity belongs to the top section; 
t = mathematical variable; 
u = subscript to indicate unspecified com- 
ponents; 
V, = total vapour rate in bottom section; 
V*, = total vapour rate in bottom section of the 
binary approximation; 
Vi, m = vapour rate; 
Vi,n = vapour rate; 
Vp,o = vapour rate of component p leaving the 
reboiler Vp.o = ReBp; 
V; = total vapour rate in top section; 
V*, = total vapour rate in top section of the binary 
approximation; 

a*, ; = relative volatility of component i of the 
binary approximation (bottom section); 

a; = relative volatility of component i in respect 
to the reference component a; = K;j/K; 

a*, ; = relative volatility of component i of the 

binary approximation (top section); 

wu = index used to denote trays near the feed 
tray in the bottom section m = M—u; 

v = index used to denote trays near the feed 
tray in the top section n = N—v; 

b, p = reciprocal value of a root of Equation (8) 
(%p—1-*< 9b, p *<a%p~"); 

*», p = reciprocal value of a root of Equation (25); 

91, p = reciprocal value of a root of Equation (16) 
(ap+i< Or, p *<&p); 

9*1, p = reciprocal value of a root of Equation (29); 

and 
Q = root of UNDERWOOoD’s Equation (32) 
ay t< QD <a, 
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k=n 


Vp, n+1 Sp(n) = Dp > era Sp(k)+-Lp, o ap” 5s eeee (11) 


k=o 
in which Sp(n) is the product of the stripping factors of the 
reference component. The stripping factor of component p at 
the nth tray is: 

Sp,n = %pVKn/ Le 
At the feed tray the relation: 


L 
Vp, N+, SPN) = Sp (N+1) = Gp Ke, 0045....P 


ooee(lZ 


holds for all components in case of equilibrium between vapour 
and liquid. 
The stripping factor product is calculated from the equation: 


k=n 
V, Sp(n) = P >. »Dyay—*+# Sp(k) + +s Lp,o%p—" 
or 


from which results 
Sp(n) = Xp 1,p9r, p" 
where 9;, p is a reciprocal root of 


ososQie 
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Fig. 5.Minimum reflux. Equilibrium constant of reference components. 














Fig. 6. Auxiliary graph showing the absorption factors at the feed tray. 

The dotted line indicates the third approximation A aig of A'y: 

the other values are second approximations. (ABy and AT remain 
i ions.) 
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Vi — & Pp 0 .. +. (16) 


"i-«-t 
nd —dg~ "op ~") 
111 —¢1,¢1,p7") 
if it is assumed that Lp, =Rp Dp 

The vapour rate from tray n+1 is given by the equation: 


1 1—(« n+1 
Von+1 (XZ, CtqPt.q) -_ Dp%p" [. Ct.q 1—Ca” + Ro | 
1—%p91,4 
-... (18) 


-++. (17) 





and Ct.p = (Ro + 1) 


Approximation by a Binary Mixture | 

Consider (6) in which now Vpo = Re B, is assumed. If it 
were possible to select two virtual components such that 

Lp Bytp™ = B*,x,*," + B* x,*." = uw%(m) ....(19) 
would be rigorously satisfied, then Ap(m) could be calculated 
from an equation in which only two components appear, and 
the absorption factors in the bottom section of the multi- 
component system would be exactly equal to those in the 
bottom section of the binary distillation. 

There exist, however, two reasons why this is impossible. 
First, there are the unspecified components of which the 
residue rate is not fixed but varies with the number of plates 
and the reflux ratio. It is for this reason that only the specified 
components can be approximated by a binary mixture, where- 
as the unspecified components must be taken into considera- 
tion later separately. Secondly, it is mathematically impossible 
to substitute two exponentials for a larger number of ex- 
ponentials such that the two expressions are exactly equal 
for all values of m. Thus the method has necessarily an 
approximative character. The accuracy with which Ap(m) 
can be calculated from the virtual binary mixture is of the 
same order as the degree of accuracy with which the expression 
x; By" can be approximated by two virtual components. 
The unspecified components are left out of consideration for 
the present. 

In the top section the function u,(m) = X;Djx;-" must be 
approximated by u*(n) = D*,«*, .-" + D*,x*,,.-". As will 
be seen later, it is not necessary that &, B, = us(o) is 
approximated by u*, (0) nor that u; (0) is approximated by 
u*,(o). A practical way to determine the substitute com- 
ponents is to plot Bjx/" or Djxj-", respectively or semi- 
logarithmic paper. The exponentials B*;x*/", B*,«*,”, 
D*,«*,-" and D*,«*,—" are then represented by straight lines 
and should be drawn so that the sum of the function B*,«*,” 
+ B*,«*,” approximates LB" and likewise the sum of 

i 


D*,«*,-" + Dj*,«*,-" approximates & Djaj-". 
i 


Using an asterisk in the symbols for all quantities which 
pertain to the binary substitute mixtures, one has in the 
bottom section the following equation to determine Ap(/m), 
which takes the place of Equation (6). ' 


k=m i=2 


L*, Ap(m) = B* ja*,"—* —Ap(k) 


i=2 


+ Re B*a*, ” 
i=l 


in which L*, =L, —u,(o) +u*,(o). It is assumed that u*,(k) 
is a perfect approximation of u,(k) for k=1 to k=m. 
Equation (20) is not an equation for a binary mixture, 
since Rg is V/up(o) which is different from R*g = Vs/u*,*(o).9 
Absorption factors for the binary mixture are calculated from 
k=m i=2 


. - (20) 


BY a*,,"—" Ap*(k) 
i 


=2 
+ R*, 2, Bta%, 7" ....(21) 





eo o4 


||Only the sp p are supposed to be included in Equation 6 in 
this case; thus j instead of p should be read for the indices. 
GOne has V¥,=V%s, since Ly—up(o)=L*,—u*s (0) 
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It can be shown that 


Re + 1 
Ap(k) = —=——_- *(k oonGee 
p1( ) R*; 1. 1 Ap (k) . ( ) 
for k> 1, whereas Ap,(o) = Ap*(o) =1. 


Since the absorption factor is A» =Ap(m)/Ap(m-—1) and 
A*m=Ap*(m)/Ap*(m—1), the absorption factors in the 
binary mixture are equal to those in the multi-component 
mixture if the unspecified components are not taken into 
account and m> 2, whereas: 





Rp + 1 
A, = ———__ A,* couse 
tReet i _ 
The absorption factor product satisfying Equation (21) is: 
Ap*(m) = c*5,,9%5,." + c%o.29%55" =... . (24) 
in which 9*,, ; is the reciprocal value of a root of 
: 2 B*; 
i — > —j— =0 ..+4(25) 
— |—«a bi, t 
and c*, ; 
1g *, -1)(1—a*, . 0%) 
(R*, +1) $ wat SK a te 6 mea TT a ) 
(1—9"5,; 975,i- ”) 
i=j oeasta 


Equation (25) is of the second degree, whereas Equation (8) 
is generally of a mugh higher degree. In the example discussed 
below, Equation (8) is of the 20th degree. Thus the problem 
of finding the roots has considerably been simplified. It can 
be shown that: 


L», m+1 S * > m 
er eee Cb, bi 
B, b,i ? 
ap 


—— 
i=l 

i=2 

* . M 
m| S «, te"? 
b. a 

7 ‘ -(a,~ 

i=l 





R* — 
ro) | (27) 
This equation is valid for all components in the multi- 
component mixture. It is also valid for the substitute com- 
ponents in the binary mixture. In the top section one has: 


Sp* (n) a c*, 1 9”. "i - c*, 2 9°”, i eeee (28) 
in which 9*,,; is the reciprocal value of a root of 
i=2 
A D*, 
7%, = > gum on @ 2 (29) 


hans 1— ®t 
i=1 


in which V*, V; — ufo) + u;*(o) and 


* 
Cc 4i 


(R*p + I) 


(i a®, — 9", i *) (1 —a*,.-} 9*,i-") 
1—9*,,, 9%, i-* 
(i,j = 1,2;j + i) 





coos 











The vapour rate is given by the equation: 


i=2 
Vp, n+1 (> * * ‘) 
— Cnt? ti 
Dp os 
i=<2 
1—(a *  \n+1 
= a,—" [> c* i 1—(%p 9%, i)" ** +. Reo | rer, 
i=l 


1—a, 2, i 

Equation (31) is valid for the multi-component mixture as 
well as for the binary mixture. It will be noted that the 
equations for the binary mixture are actually a specialisation 
of those for a multi-component mixture given in the previous 
section. They have only been rewritten for ease of reference. 
To illustrate this, the distillation of a 30-component system 
will now be discussed. 


Distillation of a 30-component Mixture 


The separation scheme of a 30-component distillation is 
given in Table 1. The graphs of u,(m) and um) and the 
straight lines corresponding to the virtual components are 
shown in Fig. 1. The functions u,(m) and u,(m) have been 
computed on a digital computer. They are represented in 
Table 2 together with the corresponding binary approxima- 
tions from which the degree of accuracy can be read. If the 
approximation applies to the entire range of m and n values 
from 1 to infinity, one virtual component must be identical 
to the most volatile specified component in the bottom, since 
the contribution of the latter predominates in the function 
u,(m) for large m. If the function u,(m) is approximated in 
a finite range, e.g., for 1<m <12, both virtual components 
can be chosen to give the best average fit. A higher degree of 
accuracy is then obtained. 

The number of trays in the bottom section must not exceed 
the approximated range (12 in our case) too much as the accur- 
acy in approximation beyond that number is liable to wane. 
The data pertaining to the virtual components approximating 
the multi-component system in Table | are given in the legends 
of Fig. 1 and Table 2. 

We shall now calculate the absorption factor products, 
temperature and liquid rates for a column having an equal 
number of trays in each section not exceeding 12. First, 
however, minimum reflux will be determined. This is done by 
UNDERWOOD’s method®. The component rates and the 
temperatures are calculated according to the method developed 
by the present authors.” * 


Minimum Reflux 
UNDERWOOD’s method of determining minimum reflux 
consists in solving the equation: 
p=30 


B D 
> +t = Le ate — Lee 


— -. (32) 


p= 








for a value of Q such that «-?<Q<«a;,~". It can be proved 





Bi 
. . = dy 
that: Lo, min = <j 1—aQ eece (33) 
Dj 
and Li, nin = yj l-e-?*ot eoee (34) 


in which the symbol i refers to the components specified in 
the bottom and j to those specified in the top. For equal 
vapour rate in the top and in the bottom, i.e., V;=V;, one 
has L, —L,; =>; B; + V, —(V; —;Dj) =>; B; +=; D; = 1.0000 
and (2 =0.867617 in that case. 

The corresponding values of Ls, min and Ly, min are 1.1277 
and 0.1277 respectively. Other values of Q correspond to 
different minimum reflux rates for which the condition 
V, =V, does not apply, i.e., the feed is either below boiling 
temperature or it is partly vaporised. By varying Q one 
obtains a curve relating V;, min = Lt, min + LyDj to'Lo, min 
for various vaporisation conditions of the feed. This curve 
is shown in Fig. 2. 

In a distillation at minimum reflux both sections of the 
column contain an infinite number of trays. At the bottom 
only the specific components are present. Proceeding upwards, 
their concentration changes until a limiting concentration is 
reached which does not change further. The liquid rates in 
the region of limiting concentration (the “‘pinch”’) are given 
by the formula 

B; 


Le i = ee 
» 4, pinch = 
1—a; 9, 


«neeQeep 


in which 9», ,~? is the root of Equation (32) in which the 
unspecifieds are ignored, situated between «,~' and «,~*. It 
can be shown that 9», , is equal to the absorption factor of 
the reference component in the pinch region.' Similarly, in 
the top section one has the limiting vapour flow rates: 


D; 


1—aj~" oy, » 


ae 


Vi, Jj, pinch >= 


in which 9,, g is the reciprocal value of the root of Equation 
(16) which is situated between a» and ;o. 

As the unspecified components do not occur between the 
ends (top or bottom) of the column and the pinches, Equations 
(27) and (31) can directly be used to obtain the liquid or 
vapour rates of the components in those sections. The flow 
rates are calculated for a few values of «; (only specifieds are 
considered, so i can be substituted for p) and the rates of 
other components are found by graphical interpolation. This 


L;, m+1 Vi, n 


is done by plotting the values of ——— or a against «;. 


B; D; 
The component rates for some selected components are 
shown in Figs. 3 and 4. 






















The Unspecified Components 

Equation (7), which gives the absorption factor product if 
all components, specified and unspecified, are considered, is 
entirely exact. So far only the specified components have been 
taken into account, i.e., those less volatile than the light key 
and the light key (comp. 8) itself. Now the terms cg, up, u” 
for the more volatile components must be added. It can be 
shown that 9, ,=«»,, if the residue rate of a component is 
small and that 

Ap, (M+1) 
1 — Du Yb,u, M+1 
The notation Ap, (M-+1) and generally Ap,(m) is used to 
indicate that only the specified components are taken into 
account so Ap,(m) =X; cp», i?»,i" or if the approach by a 
binary mixture is used: i=2 


Ap*, (m) = > 
i=1 


—(M+1) 





Cb,u,m >= + Yb, u,m “b,u osine GUD 


os, 1 9%, i” ++ (38) 
The quantity y is 


/ ~vV 
a (Vo)Vi) - Vou, N+1 .. .. 39) 


. B; 

Ly— 2p — = [1 0, 9) **") 

1 — a %, y 

The sum in the denominator is extended over the specified 
components only. In the approximation with two components 
it reads: ;—2 





B*; 


* = [1—(a*; a, w-2)"*) ...-(40) 


|l—« i “pu 


i 
V>, uv, N+, is the vapour rate at the feed tray.-of the com- 
ponent 5, u. This component is specified in the top section 
and Vb, vu, N+; is calculated from Equation (18) which is also 
exact, provided that the components which are unspecified 
in the top section are not omitted. The contribution of such a 


component to Sp(m) in Equation (15) is cy, u%:,,7" since 
1, u = &,y + for such a component and 
Sp, (N+1) 
C.a0 = oe —— Hane ....4D 


1—XLa 4, w, N+1 
in which Sp,(n) =; c:,j9:,;" taken over the components 
specified in the top section only. Further 


(L;/L5) Li, u, M+1 


Ytiun >= 
D; 
; [1—(aj-* a, "+ 


in which Ly, u, m+, is the liquid rate from the feed tray. 
Again, for the sum in the denominator, 
J D*; 
1—a*-! a, y 
j=1 

can be substituted if the binary approximation is used. 
Li, u, M+, iS calculated from Equation (10) since the com- 
ponent f, u is specified in the bottom section. As, however, 
the quantities c,,, and c;,, must be known for an exact 
calculation of Vb,u,n+, and Ly,u,m4, and the latter 
enter into these quantities, the process is essentially iterative. 
First the liquid rates are calculated, ignoring the unspecified 
components, and cs,, and c;,, calculated to a first approxi- 
mation, then with these values inserted in Equations (10) and 
(18) respectively, the second approximation is found, and so 
on. The absorption factor at the feed tray Ar can be calculated 
from Equation (7) or from Equation (15) and it is also equal 
to Ly, m+;/Vr, N+, for the reference component (r= 9 in the 
example). The three values must be equal if the number of 
plates is consistent with the reflux applied so that the distilla- 
tion can actually be carried out. One has: 


hem = Ap(M-+-1)/Ap(M) = Z Sp(N)/Sp (N-+1) 


= Ly, m+3/Vr,N+,  «--- (44) 
The absorption factor at the feed tray, the component rates 
and the temperature in the column will now be calculated for 
minimum reflux and for a slightly greater reflux. 





«++ (42) 


v,—+; ———_ 
J = 
l—a; 1 a 


[1 —(aj*-! Gp, y)"t 1] 


coon 














Component Rates Near the Feed Tray for Minimum 
Reflux 
As an infinite number of trays is present in each section, 
(cjop, "+? and (aj-tx,,,)"+! in Equations (39) and (42) 
are zero since the product between the brackets are smaller 
than one. Thus one has: 





V, Vo, uw, N+1 
=— — — 
me V; Ly—di Bi/(1—a;j a», y-)) (45) 
ot La, uw. M+ .... (46) 





M4 Ty Vi—Zi Dil —a* a, 
As 9», , is the greatest p value calculated from Equation (8), 
if only the specified components are considered cp, x9, ,” 
predominates in Ap, (m) for large m and (7) can be written: 
Ap(m) = Cb, g Pb, - — p Cb, u %, Po ce (47) 
Similarly, Sp(n) = cr, 1,9" + Lu Ct, u %,u” ... (48) 
for the section between the two pinches. Using these expres- 
sions in Equations (10) and (18), one obtains: 


i— > Yt, u 
D, u ; ys Yiu Mu 
i i—ere. a -1 T+ Pt, 9 & 1 

“a ae u Lay Oe, 





We. wes 4 .. (49 
+a i—d Vt, u (1—9z, 9 &, u) — 
1-2 Yb. u Yb. u %, aa 
B; 1—w oe + 8 UT e a a 
Lun = - (50) 





1— yo, u (1—9p, 5 %, w*) 


u 
and for the absorption factor at the feed tray 
V, 
== 3 ....(51) 








A® 
eV, * T= Sy, wl — 9, ge) 
i—<L u(l—% a ) 
L ’ - + @ 
Ap = — , — ..(52) 
Li Pr. 9 
Ap — Eon we. (53) 
Vs N+1 
The first approximation gave 
A®,,=2.071 
A’ -=2.184 


The third approximations gave 2.166, 2.168 and 2,167 res- 
pectively. The liquid and vapour rates of the specified com- 
ponents are given by Equations (10) and (18). As, however, 
m and n become infinite for minimum reflux, it is more 
convenient to introduce new variables ~ and v respectively 
such that m=M+1— andn=N-+1-—v. The trays are thus 
counted from the feed tray on. With that notation, one has 
for the specified components in the bottom section: 


I —z Yb.u 
— . =j 
u ' a Vb.u bu 
al i +-@p,5 & (95, %,u 1y | 
u 





L —%i Pb.g ok 
sisted 1—Z yo, w [1—(s, 5 tw Yt) 
, , , . (54) 
and in the top section 
Vj, N+1-» >= 
i— = Yeiu jn a 
8 ——— ....(55)** 





1— Vt.u [1—(¢z, 9 %t, u)”* t] 


For the unspecified components, B, and D, are zero. Their 
component rates can be expressed in the component rates at 
the feed tray. A formula has been given.' In this case: 


Lo, u, M+1-1 >= 
1— > Yb, u (I—9o, g ap, w*) 
u 





Ar 
= (95, 9%, u *’. — Vi,u,n 
1—X y ou [1—(eo, 5 %,u ty tty ** aia Xb, u wants 
u 


oe 





**Note that Ly, », pinch = Bi/(1 —aj, dp, 8°!) and Vi, j, pinca = Di/(1 —aj"! oy, 9°!) result 
from Equations (54) and (55) if for infinite u or v respectively. 
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and Vi, vu, N+4—» = 
1—X 1, u (1—e, » &e, w) 
u 


m 
(Pr, 9 %, u)” « — Li, u, M+ 


1— 1, u [1—(@e, » %, u)’**] Ar 
u ere 


The equilibrium constant of the reference component which 
is a function of the temperature and the liquid and vapour 
rates of some selected components as calculated from these 
formule are represented in Figs. 3 and 4. The equilibrium 
constant on the mth tray is calculated from the absorption 
factor as Km=Am Vp/Ly or Kn= Sn Ly/Vi respectively. 





Finite Number of Trays 

A column will now be calculated in which the separation 
can be performed at L, = 1.1157 and V; = 0.22500. As can 
be seen from Fig. 2, this combination lies in the region of 
possible distillations. The feed is partially vaporised, since 
V, = 0.1001 is smaller than V;. The specified components in 
the top and in the bottom section have been approximated 
by the binary mixtures given in Table 2. Thus: 

L*, = Ly — us (0) + u*s(o) = 0.4450 














V*, = 0.1953 

Rg = 0.2186 

R*z = 0.8172 

Rp = 1.665 

R* p = 2.567 

Re+1 

Ap,(m) = =——~ Ap*(m) = 0.6706 Ap*(m) .... (58) 
R*,+1 
Rp+ 1 
and Sp,(n) = ———. Sp*(n) = 0.7471 Sp*(n) .... (59) 
R*p+ 1 
Table |. Separation Sch of a 30 P t Mixture 
i Bi Di a; 
1 0.00275 34.17999 
2 0.0033! 15.58056 
3 0.01174 12.13716 
4 0.0060! 5.93977 
5 0.01570 5.05080 
6 0.00860 2.71118 
7 0.00948 2.19738 
7 0.01734 0.01936 1.29245 
9 0.0297! 0.00748 1.00000 
0 0.02678 0.72569 
7 0.05818 0.64296 
12 0.05086 0.40058 
13 0.03758 0.28229 
14 0.03025 0.19739 
iS 0.02678 0.14753 
16 0.03515 0.12163 
17 0.04215 0.06147 
18 0.05157 0.02939 
19 0.03780 0.01582 
20 0.03627 0.01067 
21 0.04121 0.00668 
22 0.02083 0.00295 
23 0.01984 0.00243 
24 0.02512 0.00147 
25 0.02650 0.00080 
26 0.04458 0 
27 0.02634 0 
28 0.025 0 
29 0.02397 0 
30 0.18119 0 
0.91557 0.08443 





The components 10 and upwards are unsepcified in the top. 
Components | to 7 inclusive are unspecified in the bottom. 
Components 8 and 9 are keys. 


Table 2. Exact and Approximate Values of u,(m) and u,(n) 








m,n up(m) up*(m) ur(n) uc*(n) 
I 0.159676 0.159676 0.035326 0.035326 
2 0.110487 0.116042 0.023085 0.024564 
3 0.097352 0.09735! 0.017930 0.018510 
4 0.097079 0.094410 0.015014 0.015014 
5 0.104631 0.102357 0.01 0.012912 
6 118785 0.118889 0.011740 0.011574 
7 0.139740 0.143284 0.010740 0.010659 
8 0.168512 0.175866 0.009870 0.009979 
9 0.206802 0.217730 0.009413 0.009435 
10 0.257023 0.270647 0.008973 0.008973 
il 0.322425 0.337048 0.008634 0.068561 
12 0.407288 0.420099 0.008372 0.008183 
13 0.517198 0.523818 0.008170 0.007830 
14 0.659407 0.653260 0.008014 0.007497 
1S 0.843314 0.814755 0.007893 0.007181 
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Table 3. Finite Number of Trays, M + | = N + I = 12. Liquid Rates in Bottom Section 


























e Lpwis Lp Lp.io Lp.» Lp.s Lp.7 Lp. Lps Lp. Lp.s Lp.s lpn Pp 

1 0.0002 rt) 0 r) 0 0 0 r) ry r) r) r 

2 0.0004 0.0001 ry ry r) r) ry r) r) r) r) 0 2 
3 0.0020 0.0003 ry 0 0 r) r) r) r) 0 0 0 3 
4 0.0022 0.0007 0.0002 0.0001 0 r) r) r) r) r) 0 0 « 
5 0.0069 0.0026 0.0009 0.0003 0.0001 0 0 r) r) 0 0 r) 5 
6 0.0082 0.0056 0.0037 0.0024 0.0015 0.0009 0.0006 0.0004 0.0002 0.0001 0.0001 r) - 
7 0.0121 0.0103 0.0083 0.0066 0.005! 0.0039 0.0030 0.0023 0.0017 0.0012 0.0008 0.0004 7 
8 0.0649 0.0689 0.0708 0.0717 0.0718 0.0712 0.0697 0.0670 0.0625 0.0555 0.0453 0.0211 2 
9 0.0672 0.0702 0.0719 0.0731 0.0741 0.0751 0.0759 0.0763 0.0758 0.0733 0.0667 0.0362 9 
10 0.0445 0.0458 0.0464 0.0469 0.0473 0.0478 0.0483 0.0491 0.0500 0.0509 0.0510 0.0326 10 
it 0.0897 0.0918 0.0930 0.0937 0.0944 0.0951 0.096! 0.0975 0.0995 0.102! 0.1048 0.0709 il 
12 0.0649 0.0658 0.0662 0.0665 0.0667 0.0670 0.0673 0.0678 0.0687 0.0708 0.0763 0.0620 12 
130.0435 0.0439 0.0441 0.0443 0.0444 0.0445 0.0446 0.0448 0.0452 0.0462 0.0498 0.0458 13 
14 0.0338 0.0341 0.0342 0.0342 0.0343 0.0343 0.0344 0.0345 0.0346 0.0351 0.0377 0.0369 14 
1S 0.0288 0.0289 0.0290 0.0290 0.0291 0.0291 0.0291 0.0292 0.0293 0.0296 0.0314 0.0326 15 
16 0.0373 0.0375 0.0376 0.0376 0.0376 0.0377 0.0377 0.0378 0.0379 0.0382 0.040t 0.0428 16 
17 0.0435 0.0436 0.0436 0.0437 0.0437 0.0437 0.0437 0.0438 0.0438 0.0440 0.0452 0.0514 17 
18 0.0524 0.0524 0.0525 0.0525 0.0525 0.0525 0.0525 0.0525 0.0525 0.0526 0.0535 0.0628 18 
19 0.038! 0.038! 0.0382 0.0382 0.0382 0.0382 0.0382 0.0382 0.0382 0.0382 0.0386 0.0461 19 
20 0.0365 0.0365 0.0365 0.0365 0.0365 0.0365 0.0365 0.0365 0.0366 0.0366 0.0368 0.0442 =. 20 
21 0.0414 0.0414 0.0414 0.0414 0.0414 0.0414 0.0414 0.0414 0.0414 0.0414 0.0416 0.0502 = 21 
22 ~—-0.0209 0.0209 0.0209 0.0209 0.0209 0.0209 0.0209 0.0209 0 0209 0.0209 0.0209 0.0254 22 
23 «0.0199 0.0199 0.0199 0.0199 0.0199 0.0199 0.0199 0.0199 0.0199 0.0199 0.0199 0.0242 23 
24 0.025! 0.025! 0.025! 0.0251 0.0251 0.0251 0.0251 0.0251 0.0251 0.0251 0.0252 0.0306 24 
25 0.0265 0.0265 0.0265 0.0265 0.0265 0.0265 0.0265 0.0265 0.0265 0.0265 0.0265 0.0323 25 
26 ©: 0.0446 0.0446 0.0446 0.0446 0.0446 0.0446 0.0446 0.0446 0.0446 0.0446 0.0446 0.0543 26 
27 ~—- 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0321 27 
28 0.0256 0.0256 0.0256 0.0256 0.0256 0.0256 0.0256 0.0256 0.9256 0.0256 0.0256 0.0312 +28 
29 0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 0.0292 29 
300.1812 0.1812 0.1812 0.1812 0.1812 0.1812 0.1812 0.1812 0.1812 0.1812 0.1812 0.2207 30 

1.1126 1.1126 1.1126 1.1128 1.1128 1.1130 ATED 1.1132 1.1120 1,1099 1.1139 1.1160 
Table 4. Finite Number of Trays, M + | = N + | = 12. Vapour Rates in Top Section 
Pp Vpu2 Vp VP-10 Vp. Vevs Vpo7 Vp-6 Ves Vp. V4.3 Vp.2 Ven i. 
1 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 .0028 0.0028 0.0028 0.0028 0.003! 0.0072 1 
2 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0041 0.0087 2 
3 0.0124 0.0125 0.0125 0.0126 0.0126 0.0126 0.0127 0.0127 0.0128 0.0130 0.0154 0.0309 3 
4 0. 0.0069 0.0069 0.0070 0.0070 0.0070 0.0071 0.007! 0.0073 0.0077 0.0099 0.0158 * 
5 0.0180 0.0184 0.0186 0.0187 0.0188 0.0190 0.0191 0.0193 0.0198 0.0213 0.0275 0.0413 5 
6 0.0114 0.0119 0.0121 0.0123 0.0125 0.0127 0.0130 0.0135 0.0144 0.0164 0.0207 0.0226 6 
7 0.0137 0.0144 0.0149 0.0152 0.0156 0.0160 0.0166 0.0174 0.0189 0.0215 0.0259 0.0249 7 
8 0.0444 0.0503 0.0547 0.0587 0.06 0.06: 0.0716 0.0758 0.0789 0.0797 0.0763 0.0509 S 
9 0.0345 0.0419 0.0471 0.0510 0.0538 0.0554 0.0555 0.0539 0.0502 0.0442 0.0359 0.0197 a 
10 0.0167 0.0187 0.0186 0.0174 0.0156 0.015 0.0144 0.0092 0.0073 0.0054 0.0039 0.0019 10 
11 0.0297 0.0297 0.0261 0.0216 0.0171 0.0132 0.0098 0.0071 0.0049 0.0033 0.0021 0.0009 il 
12 0.0134 0.0083 0.0046 0.0024 0.0012 0.0006 0.0003 0.0001 0.0001 r) r) 0 12 
13 0.0063 0.0028 0.001! 0.0004 0.0001 0 0 r) r) r) r) 0 13 
14 0.0034 0.0011 0.0003 0.0001 r) r) r) r) r) ry ry ry 14 
15 0.0022 0.0005 0.0001 0 r) 0 ry 0 0 rt) 0 0 15 
16 0.0023 0.0004 0.0001 r) r) 0 r) r) r) r) ry ry 16 
17 0.0014 0.0001 r) 0 0 0 0 0 r) ry 0 0 17 
18 0.0008 r) r) 0 0 ry ry) r) ry r) 0 ry 18 
19 0.0003 r) r) r) 0 0 0 0 0 r) r) r) 19 
20 0.0002 r) ry ry 0 r) r) r) r) r) 0 r) 20 
21 ~—-0.0001 r) r) r) 0 0 r) r) 0 0 r) ) 21 
2 oO r) r) r) r) rt) 0 ry 0 r) ry r) 2 
233 «OO r) r) r) ry ry r) 0 ry 0 0 ry 23 
24 «OO 0 ry 0 0 0 r) 0 r) r) 0 0 24 
2 4200 r) r) r) r) r) r) r) 0 0 0 r) 25 
2% 8600 r) r) r) r) 0 ry 0 0 ry r) r) 26 
277 «OO r) r) 0 0 r) 0 ry 0 r) r) ry 27 
an r) r) r) r) r) r) 0 r) ry) ry) r) 28 
2 #2020 0 0 0 0 0 C) 0 0 r) 0 0 29 
30 0C ti r) 0 0 0 0 r) 0 0 ry 0 0 30 
0.2243 0.2242 0.2240 0.2237 0.2235 0.2235 0.2234 0.2224 0.2209 0.2188 0.2248 0.2248 

Equations (39) and (42), using the two substitute components, L Ap(M) Vo, u, M41 (60) 
were applied for the calculation of cs, , and c;,, and Equa- b, u, m+) Ap(m) op, y+ i—m * 
tions (27) and (31) were used to calculate L;, w+,/B; and SPN) 

V}, N+,/D; for a few components and to draw a graph from and Vi, u, nv. = Spe Sr ay, Nt!" Ley way «00 (61) 


which the ratios for the other components could be read. 
The absorption factors A®s, A’r and A’r at the feed tray 
were determined to a second approximation for M-+1 
N+1=8, 10 and 12 respectively. A graphical representation 
of these absorption factors showed that they tended to become 
equal near M+1=N+1=I11 (see Fig. 6). 

In the third approximation an intersection at M+1=N+1 

12 is found and 


A®-=1.9400 
A’ r=1.9442 
A’r =1.9471 


To obtain the third approximation, the terms corresponding 
to the unspecified components are added to Equations (27) 
and (31) as has been discussed for Equations (10) and (18). 
These equations were then used to calculate the liquid or 
vapour rate for some components and to draw a graph from 
which all specified component rates could be read as described 
when discussing the case of minimum reflux. The unspecified 
component rates were obtained from the formule: 
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as in the previous case. Component rates and equilibrium 
constant of the reference component for this case are rep- 
resented in Figs. 7, 8 and 9. Numerical results can be found 
in Tables 3 and 4. 
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OR a turbo-grid tray in operation, the plot on log. 

log scales of pressure drop against vapour rate gives 
a straight line with breaks at two points.':* These corre- 
spond to the loading and flooding points respectively. Up 
to the loading point the liquid is not retained on the grids. 
Between the two points the height of the liquid seal 
increases at first moderately; afterwards it shows a slight 
tendency to decrease at the expense of the foam produced. 
Because of a rather small variation in the liquid and foam 
head the pressure drop between the two points increases 
only slightly, and this is mainly due to the increasing 
resistances offered by the slots themselves. On approaching 
the flooding point, the increase in resistance is rapid and 
finally flooding occurs; often the flooding point is difficult 
to observe. 

Clearly, the optimum working range for a grid column 
is between the two points. The experimental data required 
for a generalised correlation have been obtained in this 
work for grids with characteristics as shown in Table I, 
and working conditions given in Table II 

The experiments were carried out for liquid-gas ratio, 
L/G, between 2.5 up to 148, and the superficial linear 
velocities between 0.2 and 3.78 m/sec. Data for lower L/G 
ratios than 2.5 have been taken from other published 
sources* * and tabulated as well. 

From the tabulated results the following correlations 
have been obtained. 

Flooding points 


Y= 10“ aces 
‘L\t or . 
he x “ (: oar 
where x (=  ) (la) 
mw uv oi or (a2) 0-16 
and Y= art ae at) .. (1b) 
















66.048.375 


Turbo-grids find extensive use in many chemical plants. 
Our illustration shows a view of the Shell plant at 
Stanlow. 


DESIGN OF 
TURBO-GRID TRAYS 


Equations are proposed for estimating the 
tray spacing and pressure drop in grid- 
plate distillation columns 


by JANUSZ MAJEWESKI, Ph.D. 


From the equation, the maximum permissible velocity 
can be calculated. 

For slots of length (6) and with (a) the equivalent dia- 
meter is: 

__ _ 4ab 
*~ 2(a+) 
For b > a, this reduces to: d, = 2a. 
For circular slots, d, = actual diameter. 

From Equations (la) and (1b), one may observe that the 
maximum permissible loading of slotted plates is /2 times 
greater than that for circular slots, other parameters 
remaining unchanged. 

It is advisable to operate slightly below the maximum 
permissible velocity (u) if high column efficiency is the 
aim. The lower limit for the gas velocity is set by the 
conditions at the loading point. The corresponding velocity 
can be estimated from the following equation: 

Y = 2.95e-“ ins 

Other workers‘ have pointed out that although the 
operation below the loading point is acceptable, the 
efficiency is low. It drops rapidly from around 0.6 at the 
loading point to as little as 0.3, while within the normal 
working range, as calculated from Equations (1) and (2), 
it increases from 0.6 to close to unity near the flooding 
point. This gives the following working range: Ginax/Gmin 
= /10 + 2.95 = 3.4. It is safe practice to take this ratio 
(based on loading point) equal to 2, although some 
authors" * suggest a higher figure of 2.5. For a bubble-cap 
tower the same ratio is normally taken equal to 4. Other 
workers® suggest that turbo-grids may be operated within 
the following ranges: 

linear velocity, (u): 0.5-3 m/sec.; and 
liquid rate, L:0.2-100 m*/(hr) (m’) 
It has also been found that for turbo-grids the ratio (F;) 
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Symbols Used 
a = width of slots in grid plate, m; 
a,= width of slots of caps in bubble-cap 
columns, m; 
6 = length of slots, m; 
d = diameter of holes in perforated plates, m; 
de = equivalent diameter, m; 
= base of natural logarithms; 
= plate efficiency; 
F; = slots/plate, area ratio; 
g = gravitational accelération, m/sec.*; 

G = mass velocity of gases or vapours, kg/ 
(m*) (hr); 

h = liquid height, equivalent to hydraulic head 
of liquid-foam mixture on a plate; 

hy = actual height of liquid-foam mixture on 
a plate, m; 

Ah = height of liquid on a plate necessary to 
cause the flow of the liquid through the 
slots (velocity head of approach), m; 

H = spacing of plates, m; 

lh = height of slots in a cap of a bubble cap 
plate; 
L = mass ratio of liquid, kg/(hr) (m*); 

AP = total pressure drop across a plate, kg/m’; 
4Pi = pressure drop across a dry slot, for an up- 
ward flow of gas or vapour, kg/m’; 

AP2 = pressure drop across liquid-foam mixture, 

kg/m*; 


ee 


of the total area of slots to the cross-sectional area of the 
tower may range from 0.1 to 0.4,’ although 0.18 to 0.20 
is the desirable range for non-foaming liquids.’ For foam- 
ing liquids this range can be extended to 0.3 (for bubble- 
cap plates the accepted range is 0.1 to 0.13). It may be 
noted that with the increase of F, the capacity of the 
column increases, but the efficiency and the working range 
are decreased. 


Spacing of Grid Trays 

No successful correlation has yet been obtained for the 
spacing (H) of grid trays. In design practice,’ 0.08 to 0.1 m 
is added to the combined height of liquid and foam (hy). 
The latter may be calculated from the following approxi- 
mate relation: 

h; = 4d. F,°* ae 

a." u 
~o and uy = F’ 
(In normal practice the value of uw, is calculated from 
Equation (1)—as the maximum permissible velocity.) The 
spacing (H) then lies between limits given by: 


H = h; + 0.08 and H = h; + 0.1. 


Columns with grids spaced at 0.3 to 0.45 m intervals® ’ 
and smaller columns with 0.2 to 0.25-m spacings have been 
employed in industry. 0.1 to 0.15-m range is not un- 
common for non-foaming liquids. Increased spacing in- 
creases capacity, operational range and efficiency of the 
tower. 


where the Froude’s number, F, = 


Efficiency of Grid Plates 

Very little has been published on this subject and no 
general correlations exist. AEROv* ® published results based 
on a column of 100 mm diameter with 48 grid plates which 
he used for distilling benzene-carbon-tetrachloride. The 
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AP; = pressure drop in overcoming surface tension 
of the liquid mixture, kg/m’; 

APw = pressure drop due to friction in dry slots 
(without contraction and enlargement 
effects), kg/m’; 

AP- = pressure drop due to contraction, kg/m’; 

APa = pressure drop due to expansion, kg/m’; 

Ra = reflux ratio; 
u=gas or vapour 

column, m/sec.; : 
Uo = gas or vapour velocity in slots, m/sec.; 

ut = velocity of liquid through the slots, m/sec.; 

8 = coefficient in Equation (11); 

§ = plate thickness, m; 

¢= 1/(1 — +)’; 

So = frictional coefficient for dry slot; 

te = frictional coefficient for pressure drop 

equation due to contraction; 

A = D’Arcy’s frictional coefficient; 

# = coefficient of flow (of discharge); 

#» = gas or vapour viscosity, (kg) (sec.)/m’; 


superficial velocity in 


tt = liquid viscosity; 

Mw = viscosity of water at 20°C; 

py = gas or vapour density, kg/m’; 

pt = liquid density, kg/m’; 

pt = average density of liquid-foam mixture, kg/m*; 


© = surface tension, kg/m; and 
r+ = fraction of slots occupied by the liquid 


flowing down the plate. 





grids had 3-mm-wide slots and the slot cross-section area 
ratio was F, = 0.185. At total reflux the composition at 
the top of the column was kept within 80 to 84%, at the 
bottom 89 to 94% CCl. Vapour and liquid densities of 
4.9 kg./m’ and 1250 kg./m®* respectively were assumed. 

A plot of efficiency (E) versus mass of flow (G) (Fig. 1) 
gives the following results: 
Maximum efficiency, E > 86% at G ~ 11,000 kg./(hr) (m’) 
Then, Ginax/Gmin ~2. For E240%, Gmax/min = 3.2. 
Pressure drop also is plotted in Fig. 1. Fig. 2 is another 
plot made for a 100-m-diameter column with three grid 
plates spaced 200 mm apart.’ For water-ethanol mixture 
the efficiency was calculated from the formula: 

E = 100 (xn41 — Xn)/(yn* — Xn) 

(xn41 and x, are mole fractions of the ethanol in the 
ethanol entering and leaving the plate respectively, while 
y*, is the equilibrium mole fraction in the vapour phase.) 

It has been suggested’ that the efficiency may be ex- 
pressed as a ratio of column volume, equivalent to one 
theoretical plate, and the volume between two adjacent 
grid plates. 


Pressure Drop 
The total pressure drop across a grid plate and the 
supernatant liquid-foam mixture may be calculated from 
the following equation: 
AP = AP: + AP: + AP; burch 
According to KASATKIN,’ the terms can be estimated 
from the following equations: 

Uo” eV 
2g 
The value of ¢, coefficient ranges between 0.77 and 3.2, 

being lower for slotted than perforated plates. 


» 
AP, = 5%. 


. (5) 
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The AP; term can also be calculated from the following 
relation : 

AP; = APie + APw — 
where AP;, is the sum of the loss due to contraction 
(AP.) and enlargement (AP.), APw being the loss in the 
slot itself. Thus 
AP; = APw + AP. + APa ee: 


The right-hand side terms may be expressed as follows: 





8 Uo* PV 

A Pw maz. : .«-- (Se) 
Uo® ey 

= %.—— ee 

APe=%& - (5d) 
2 

Ahem 1-87 . Se ... (Se) 





28 

The coefficient & can be estimated from Table III 
(F, versus «& plot). From experimental data the following 
equation was derived for A in perforated plates or grids: 


4000 F; d 
A= se ocoeQe 
where the diameter (d) may be replaced by width (a) in 
slotted plates. 


Re = Uo de Py 
&uv 
From Equations (5) to (5f) the following may be derived: 
4000 F; d8 
ome ae i pi 
to = (I—-F) be + Re’ a .- (6) 


The quantity © is, according to Equation (6), a linear 
function of plate width (8). Actually this has been found 
correct only for 5>S5mm. The coefficient can be 
evaluated from the data presented in Table IV. 


Pressure Drop, AP: 
The drop in pressure across the liquid-foam mixture 
can be calculated from: 
AP: = hy . py eer 
The height of the mixture (h;) may be calculated from 
Equation (3). The mean density of the mixture, p;, may be 
estimated from an approximate equation used for emul- 
sions in packed columns, working under maximum 
permissible capacity : 


adel (z)"*(er)™ po omes oe a 
. G 4 uy ; ee 
Pressure Drop, AP; 
May be determined from: 
A P; == .. (8) 


From Equations (5), (7), (7a) and (8), Equation (4) may 
be written in its final form: 





A P = 
2 ri 0-325 \ O18 / 0°0362 
Go er + 0.43. (=) (ez) (4+) et: 
PL Lv de 
.. (9) 


Another Approach 
The following method has also been suggested* for 


determining AP. 
& (=. ..- (10) 


AP, =Bher sont 


For a given liquid, the 8 coefficient may be taken as a 
constant. The quantity bears the following relation to the 
velocity of approach (Ah): 


hp. = AP + Ahpi 


AR, = o~- 


.. (ila) 








TABLE I—The Characteristics of Grids Used in Experiments 











Plate Slots/plate | Equivalent | Pitch or Width of 
diameter, m | area ratio, | diameter width of slots, 
Fs de,m grids, m a, mm 
Perforated Plates 
0.075 0.205 0.0038 0.008 — 
0.075 0.300 0.0046 0.007 — 
0.075 0.400 0.0038 0.005 — 
0.240 0.150 0.0030 0.007 _ 
Grid Plates 
0.075 0.130 0.0082 0.017 4.1 
0.075 0.225 0.0084 0.008 4.2 
0.075 0.310 0.0080 0.005 4.0 
0.240 0.150 0.0060 0.015 3.0 























TABLE Il—The Characteristics of Liquids and Gases Used in 








Experiments 
Fluid Density, Viscosity, Surface 
kg/m? cP tension, 
dynes/cm 
Water 1000 l 73 
Sodium Arsenate 
Solution 1200 2.5 76 
Air 1.2 0.018 — 
Coke-oven gas 0.5 0.015 a 




















TABLE I1l—Contraction Coefficients for Different Values of F, 





0.4 
0.34 


F; 0.01 
te 0.5 


0.2 
0.45 


0.3 
0.38 


























TABLE IV—Frictional Coefficients for a Flow of Gas through a 
Dry Perforated Plate (d = 2 mm, F; = 0.1) for Different Thick- 
nesses of Plates 





7.5 | 10 15 20 
2.10} 2.35} 2.77] 3.20 


3, mm 1 3 5 
Co 2.28 | 1.94] 1.80 

















TABLE V—Resistances Offered by Grid Plates in Countercurrent 
Flow of Air and Water 








No. F;, % | a,mm AP B 
l 8.8 3 8.5 + 0.084 uo*e 0.32 
2 14 3 9.5 + 0.122 uo*e 0.5 
3 20.2 3 9.5 + 0.122 uo*e 0.5 
4 28.9 3 9 + 0.122 uo*e 0.5 
5 17.7 4 7 + 0.122 uo*e 0.5 
6 30 5.5 4 + 0.1 uo*e 0.39 
7 15.6 6 4.5 + 0.122 uo*e 0.5 
8* 20.2 3 8 + 0.089 uo*e 0.38 
oT 28.9 3 8 + 0.106 uo*e 0.38 























* when roads were used instead of flat boards or grids 
+ for 30% solution of glycerine. 
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The term AA may be determined from a formula for 
flow through an orifice: 


up = wt/2g Ah 


AP: = 8B AP + B Ahopt er 
From Equations (10), (12), (8) and (11b), Equation (4) is 


transformed to: 
~ fag (e-) +25] +2 lay 
AP= 1—s [~# (#5) r =] + p+ 2e et 


ooo GZ 


We may assume that at any loading of the column the 
liquid and gas streams distribute themselves in such a way 
as to give the minimum loss of energy. The condition is 


met for $ Go A P) = 0. 
dz 


-- + (IIb) 
By substitution : 





luti i = —. 
Solution gives + ani 


a= [(#) &. Al’ 


Substitution of linear velocities (uz/u.) by mass rates 
(L/G) transforms the equation to: 


where 








a i] ev 6 od 
= I(é eL* =| and t = Anal | 
Finally, Equation (13) may be presented in the form: 
—_ So PL 2 2c 
AP= aie + ad—) — 
where e = (1/1—7*)}. 


Equation (15) may also be applied to perforated plates, 
but the result must then be multiplied by four. The value 
of 8 may be calculated graphically from Equation (15) and 
a plot of AP = f(u.*«) for assumed values of ¢ and «. For 
the determination of 8 an assumed value of « is required. 
The “trial and error” method applies here. 

Results from an experimental air-water system using one 
plate made of 2.5 mm thick boards ({ = 1) and of 10-mm 
diameter rods ({ = 0.9) are presented in Table V. The 
following figures were assumed: 

# = 0.62, py = 1.2 kg/m*, px = 1000 kg/m? 
(the last row of the table is for 30% water solution of 
glycerine instead of water). About 82% of the results 
show a maximum deviation up to +15% from Equation 
(15). 

Fig. 3 shows graphically the results obtained in distilling 
iso-propyl-benzene at total reflux, in a 100-mm diameter 
column, with 43 grids spaced 3 mm apart (F; = 0.185) and 
with a 165 mm plate spacing. The value of ¢, was found 
equal to 1.5. Additional experimental data have been tabu- 
lated in Table VI. About 70% of the results agreed with 
Equation (15) within +15%. 

The same column was used with 48 grid plates for dis- 
tillation of a binary mixture, CCl-benzene, and the results 
are presented in Fig. 1. It was found that « = 1.56 and 
8 = 0.784 for u,? « < 10. Deviations from the above figures 
were observed for u.*e> 10, ie., for G> 10,500 kg/ 
hr m*. Above this limiting value, entrainment of liquid 
droplets was observed. Other measurements of pressure 
drop were made in a two-plate column of 140mm dia- 
meter, while distilling liquid air.* The two grids used were 
made of 2.5-mm flat plates with 2-mm-wide slots having 
F, = 0.2. 

For calculation of AP from Equation (15), the follow- 
ing quantities were assumed: 

pr = 920 kg/m’, py = 4.5 to 7.2 kg/m* 
depending upon the working pressure; 
o = 12.2. 10-* kg/m and 8 = 0.5 
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The tower was also used for the air-water system, but 
employing perforated plates with 3-mm diameter holes on 
10-mm pitch (F,; = 0.0775). The plates were spaced 400 mm 
apart. The value of 8 ranged from 0.316 to 0.556, For cal- 
culations of AP from Equation (15), & = 2.1 and 8 = 0.5 
were assumed. Experimental and calculated results were 
in about the same agreement as in the previous test. 

In some published works the results are presented in the 
form of empirical equations. Thus for an air-water system 
in a column of 196mm diameter with one grid plate the 
following results have been published”: 

h = 1.85. 10-* uz** u,'* a= — 
for ux®* uo'* h? < 0.86 . 10-*, and for the following range of 
operating variables. 

Uo = 3-10 m/sec.; 

u = 0.28-0.9 m/sec.; 

ut = 0.009-0.04 m/sec.; and 

a= 1.85-4 mm. 
The grids were made of brass with 2-mm-wide slots on 
25-mm pitch. F, varied from 0.065 to 0.14. The height of 
the liquid-foam mixture (h;) was expressed in terms of (u) 
and (A) as follows: 


hy 


_= 2.35 (h — 0.01)", for h<0.05 m_ .... (17a) 
u 


u = 1.23 (h — 0.01)", for h>0.05 m_.... (176) 


The correlations were based on the following ranges of 
variables : 

h = 0.015-0.125 m; 

hy = 0.025-0.3 m; and 

u = 0.28-0.9 m/sec. 


Comparison with Bubble-cap Plates 

The comparison of grid plates with bubble-cap plates is 
very useful in view of the fact that the latter are so 
commonly used. This can be made by comparing the 
performance of each of the types in a given process" or 
by a mathematical analysis. The second method has been 
chosen in the following discussion. 


Loading 
From Equation (1b) and relation, G = 3600.u.py one 
obtains: 


0-16 o-5 
G = 3600 F, | ¢ Y ev ex de (:) .... (18) 
L 


By substitution for d, from Equation (3), and taking u. = 
G/(3600 py F), 


0-064 
G = 1800 g™® F, hy** py®* (Yex)"*. () ... (19) 


For bubble-cap plates, the equation of SOUDERS-BROWN 
can be used. For relatively small values of py the equation 
becomes : 

Ga = C(pv px) ae 
The constant, C, is some function of surface tension, o, 
and spacing of plates (H). Dividing the two equations and 
substituting for Y expressions from Equations (1) and (la) 
we obtain: 


© _ 45202" F, f(A). 9 (+) A .. (21) 
Ga PL 
where 
wee. 
fH) = ..(2la) 
1 } 4 
v(2)=(2) en (§ (2) ew 
PL PL G PL 
Am (2) ..(21c) 
AL 
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TABLE Vi—Mean Values of Hydraulic Frictional Coefficients for 
Grid-Plates in Distillation of Iso-propyl-benzene 



































Operating ev v é 8 AP,, 
Pressure, kg/m? kg/m? 
mm Hg 

760 3.4 0.118 1.4 0.655 2 

200 1.01 0.0725 1.23 0.59 2 

50 0.25 0.0465 1.16 0.6 2 
TABLE Vil—Calculated Values of /(H) 

H,m 0.25 0.40 0.50 0.75 
Cc 45 128 170 215 
f(A) 0.00860 0.00428 0.00372 0.00375 























At L/G = 1, (Ra = 0%) and for &” = 0,00009 to 0.006, 
PL 
the function may be taken equal to 0.25 within a +4% 
margin of accuracy. By substitution: 
G 


d 


1130 2° F, f(A) A ovseQae 
As mentioned before, for grid plates we may take fh; = 
H — 0.1 and for bubble-cap plates « = 20 dynes/cm, a 
series of f (H) values can be obtained for varying quan- 
tities of H and C, as shown in Table VII. From this 
tabulation it can be seen that the replacement of bubble- 
cap plates by grid plates has the advantage of closer plate 
spacing. Many cases are known where bubble-cap plates 
have been replaced by a greater number of grid plates to 
give a closer spacing than with the original bubble-cap 
plates, and with the gain of a higher working load. A 
comparison of the loading is afforded by Equations (22) 
and (21), taking A; = H — 0.1 a 25% to 73% increase in 
loading rates was observed’ after replacing bubble-cap 
plates by grids in the columns numbered 2, 5, 6 and 11. 
These observed results are in agreement with Equation (22) 
if values of A=1 and F, = 0.09 —0.18 are assumed. 
Higher values of F, might be assumed for 4;<<H — 01. 


Efficiency of Plates 
From experimental data we may conclude that the effi- 
ciency of grid plates is slightly lower than that of bubble- 


Fig. 1. Efficiency and pressure drop v. mass rate for 
the grid-plate used in the distillation of benzene- 
carbon-tetrachloride. 





cap plates. As a rule a greater number of grid plates is 
installed in columns than bubble-cap columns for the same 
duty. On the other hand, grid plates can be spaced more 
closely than bubble-cap trays for the same safe loading. 
This sometimes gives a lower height of column corres- 
ponding to one theoretical plate in the case of the grid- 
plate column,' and in some instances’ a sharper fractiona- 
tion is obtained after the replacement of bubble-cap by 
grid-type plates. 


Pressure Drop 

For a bubble-cap plate the value of pressure drop may 
be approximated by Equation (4). Resistance offered by a 
dry plate may be calculated from Equation (5), taking 
(, = 6. For grid plates ¢, may be as high as 2. At identical 
velocities (u,) the pressure drop is three times lower for 
grid plates than for bubble-cap plates. On the other hand, 
grid plates operate generally at higher (u.) velocities (12-18 
m/sec.) than bubble-cap plates (6-8 m/sec.). 


The static head, AP: , is within a 25-60-mm range for a 


L 
bubble-cap plate; for a grid plate it may be of the same 
order or even below it. 

For bubble-cap plates the following approximate equa- 
tion may be written: 
26 (+ - a) 
h a 


It may be observed that when taking a = a for a grid 
plate in Equation (8), the difference between the two pres- 
sure drops is negligible. For a>a, grid plates show 
clearly a lower value of AP;. In bubble-caps the dimen- 
sions of slots are usually within the following ranges: 
a = 3-5 mm, 4 = 15-35 mm. The most suitable width of 
a slot in grids seems to be within 3-4 mm, though a = 
10 mm is still acceptable. Perforated plates have normally 
holes within a range of 4-8 mm diameter, while for 
bubble-caps the diameter is within 2-3 mm.>° Increasing 
the diameter reduces AP; and AP;; on the other hand, 
excessive diameter reduces efficiency and working range. 
Experience shows that generally grids operate at lower 
pressure drops than bubble-cap plates. 


A P, —_ 


Example: Comparison of Grid and Bubble Trays 
In a numerical example,” the following design data 
were calculated for distillation of benzene-toluene mixture 
in a bubble-cap column. 
Number of plates, n = 20; 
Spacing of plates, H = 0.6 m. 


Fig. 2. Efficiency v. vapour velocity of flow for dis- 
tillation of water-ethanol. 1. width of slots 1.2 mm, 


F, = 0.08; 2. 


width of slots 2.0 mm, F, = 0.144. 








British Chemical Engineering 

















Allowable vapour velocity : 
(a) on basis of riser’s cross-section u = 0.8 m/sec.; 


(b) on basis of column’s cross-section, u = 0.72 m/sec. 
Velocity through the bubble-cap slots, u. = 6.3 m/sec. 
‘ 0.72 
Area ratio, F; 63 0.114 
L/G = 480/400 = 1.2 

Calculated pressure drop fer an ideal plate, excluding 
hydraulic gradient, AP = 87 kg/m’. 

In the above calculation the following were assumed: 


pt = 846 kg/m’; 
py = 3.4 kg/m’; and 
o = 18 dyne/cm = 1.836. 10-° kg/m. 


Using the above data, we obtain: 
G = 3600. 0.72 . 3.4 = 8820 kg/(hr) (m’). 


Height between the bottom and the top plate in the 
column, H, = (20 — 1). 0.6 = 11.4m. 


Equivalent Height of a Grid-plate Column 

For the same duty, the required height of the grid-plate 

column may be calculated as follows: 
From Equation (la); 
.— 12 (3-4 
x 1.2% 346 
and from Equation (1b), at a= 0.004 m, d. = 0.008 m 
(Equation (1d) ) and »z, = 0.25 cp. 
Uo? 3.4 (0.25\"" : 

Y= Fe . 0.008 * 846 \ 1 mn ere 
From Equation (1) the allowable velocity of vapour in 
slots is uw = 5.5 m/sec. 

For comparison only, the vapour velocity u based on 
the cross-section of the column will also be taken = 
0.72 m/sec. 

For the grid column, therefore, 


F, = 0.72/5.5 ~ 0.13 m?/m? 


The height of the liquid-foam mixture on the grid plate is 
from Equation (3): 


A 
) = 0,525 


0-2 


hy = 4. 0.008 (= = "= 0.105 m, 


< 0.008, 
The safe spacing will then be within: 
H = 0.2-0.25 metres. 


Replacing the 20 bubble-cap plates by as many as 30 
grid plates gives the total height of the grid-column, H, = 


Fig. 3. Hydraulic resistances offered by the grid-plate 
used in the distillation of iso-propyl-benzene. 


1. 760 mm: 2-200 mm 3-50 mm. 











(30 — 1).0.25 = 7.25m. This is less than the 


much 
11.4 m required for the bubble-cap column. 


Comparison of Pressure Drops 
For toluene at 385°K, the viscosity may be calculated 
from the exponential form equation: 


py = 0.268 . 10-* . 385° P = 0.000091 P. 
by = 9.3. 10-7 (kg) (sec.)/m* 
5.5. 0,008 . 3.4 
° ~ 9.81. 9.3. 10-7 
For F, = 0.13, & = 0.464 (from Table III); assume also 
thickness of the grid plate, § = 0.005 m, then: 
4000 . 0.13 . 0.004 
16,400°° 


R = 16,400 


0.005 
* 0.008 
= 1.41 


From Equation (5), the pressure drop through the dry slot 
is: 


Co = (1—0.13)*? + 0.464 + 





52. 36 
ams 2.9.81 
From Equation (7a), the mean density of the liquid-foam 
mixture is: 


AP, = = 7.4kg/m’. 


4 if 0.25 
846 0.0091 
The static head from Equation (7) is: 

AP: = 0.105 . 166 = 17.4 kg/m’. 
The pressure drop in overcoming the surface tension is 
(from (8) ) 


0-0362 
ef = 0.43. 1.2" . 846 = 166 kg/m’. 


4. 1.836. 10~ 
0.008 
The total pressure drop (from Equation (4) ) is then: 
AP = 7.4 + 17.4 + 0.9 = 25.7 kg/mz. 
This is much less than one would expect from a bubble- 
cap column of 20 plates. It may be observed that in our 
example we could have made the area ratio F, greater 


than that used above; the column could therefore be more 
heavily loaded and its diameter reduced for the same duty. 


AP; = = 0.9 kg; m*, 
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A-Power for Scotland 


THE RECENTLY-OPENED Chapelcross (Dumfriesshire) 
works of the Atomic Energy Authority Industrial Group 
is virtually a duplicate of Calder Hall in Cumberland. 
When in full production, Chapelcross will provide some 
140 megawatts of electricity for the national grid. How- 
ever, the layout of the Chapelcross plant represents an 
improvement over the earlier design, for Calder Hall was 
originally designed as a two-reactor station, but the four 
Chapelcross reactors were built concurrently. One reactor 
is at present operating and driving two alternators. There 
will eventually be four reactors in operation driving eight 
alternators. The station is the first in Scotland, the second 
in Britain and the fourth in the world. It cost £34 million. 
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SIEVE TRAY PERFORMANCE 


Results of experiments provide useful data for the choice of 
sieve-tray dimensions 


by S. R. M. ELLIS,* Ph.D., F.R.1.C., A.M.1.Chem.E., and 
H. K. MOYADE,?+ B.Sc., Ph.D. 


IEVE or perforated trays were first used by CELLIER’ 
Sin 1818 and by Correy’ in 1832, but after this initial 
introduction to industry they were largely replaced by 
bubble-cap trays. The hesitation in developing and expand- 
ing the use of perforated trays has been attributed to their 
lack of stability over a wide range of operating conditions. 
In recent years, however, the situation has changed. More 
research has been carried out and today it is generally 
agreed that sieve trays possess a number of advantages, 
such as simplicity of construction, low cost, easy main- 
tenance, etc., which make their use attractive. Their appli- 
cation in industry is, therefore, increasing and columns up 
to 11 ft in diameter have been constructed.’ Again there 
have been many reports of performance of sieve plates 
operating in actual distillations’ °° ’-* where there is both 
a vapour and a liquid-film resistance. Although separate 
liquid- and gas-film efficiencies have been  inves- 
tigated’ "-".3.™ Jittle information is available on the 
influence of design details on the separate film efficiencies. 

In this investigation the sieve plate used was 4} in. in 
diameter, and liquid- and gas-film efficiencies were ob- 
tained from desorption of oxygen from water and humidi- 
fication of air experiments. Variations were made in the 
liquid- and gas-flow rates, free area of the plate, hole 
diameter, downcomer height, and the effect of using a 
baffle, just before the downcomer, to break down the foam 
entering the downcomer. Foam height, liquid hold-up and 
pressure-drop measurements were made,” but only a 
limited number of such results are reported in this paper. 
The flow range investigated was 500 to 12,000 Ib./hr sq. 
ft for the water rate and 0.5 to 4 ft/sec. for the air rate. 


Apparatus Used 

The apparatus shown in Fig. | (a) consisted of a 44-in. 
glass column (A, B) into which the sieve plate (C) was 
fitted. Air was used as the gas phase and water as the 
liquid phase. The air was supplied from a centrifugal 
blower (P) and passed through heaters (T) to the base of 
the column. A glass venturi (Q) was used to meter the 
air. After entering the column and bubbling through the 
sieve tray the air passed through a cyclone separator (H) 
to remove entrainment. The entrainment could either be 
collected and measured, or returned back to the circulating 
liquid. The liquid entered the column from a constant 
head tank (L) through a I-in. i.d. pipe. An orifice plate 








* Department of Chemical Engineering, University of Birmingham. 


t Dr. Moyade was formerly a research student of the University of ° ° 
Birmingham. , : ‘ ’ Fig. 1. Sieve tray apparatus. 
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(M) was used to measure the flow. The liquid then flowed 
over the inlet weir, across the plate and down the 1-in. i.d. 
downcomer to a bottom tank (K). The liquid was then 
recirculated by a pump to the constant head tank. 

In the oxygen desorption runs, oxygen was metered into 
the liquid by an orifice at point R into the pipe which 
returned the liquid to the constant head tank (L). Also in 
the desorption runs, provision had to be made to build 
up the oxygen concentration in the water before the 
experiment. For this, a pipe by-passing the column was 
fitted so that the liquid could be circulated until the neces- 
sary Oxygen concentration had built up. Liquid samples 
were obtained from a continuous sampling device whereby 
small streams of both the inlet (S:) and outlet (S:) liquid 
flowed through 500-ml. sampling bottles and then returned 
back to their main streams. The accompanying photograph 
shows the apparatus used in these experiments. 

The humidification results were determined by running 
the apparatus for a number of hours, and noting the 
volume of water evaporated. To do this the tank (K) 
was fitted with an inclined manometer calibrated to 
measure the tank capacity. For adiabatic operation the 
apparatus was well lagged and the tank (K) fitted with a 
thermostatically-controlled immersion heater. Five dif- 


TABLE 1—Specifications of the Sieve Trays used for 








Investigation 

Plate No. of Hole P.tch % Free 
No. holes diameter(m.) (m). area 

1 41 is N 8 

2 26 is 3 5 

3 56 is 2 il 

4 91 k t 8 

5 23 } 4 8 

































































Te, 
Fig. 1 (a). Flow diagram—sieve plate column. 


June, 1959 








ferent sieve trays having differing hole diameters, or free 
areas, were used in the column. All the plates were con- 
structed from 4-in. brass, and the holes were drilled on a 
triangular pattern. Care was taken to see that all the 
burrs were removed. Table 1 gives the individual details 
of the plates. 

The splash baffle (I) was constructed from }-in. brass and 
was 4 in. high, it was slightly curved to fit closely with the 
walls of the column just before the downcomer. The upper 
half was perforated with ys-in. holes with a pitch of ; in. 
The baffle was fitted to the tray so that it could be easily 
detached, and also so that the clearance between the baffle 
and the tray could be varied. For pressure-drop measure- 
ments a manometer was connected above and below the 
tray. Liquid hold-up was measured by a manemeter con- 
nected to the upper half of the column and a hole drilled 
through the sieve plate to the surface near the downcomer. 
Foam heights were measured visually from a scale on the 
side of the column. Provision was made for the tempera- 
ture measurement of the liquid streams entering and leav- 
ing the column at points T; and T: and of the liquid on the 
tray. The air temperature was measured just before enter- 
ing the column. 


Desorption of Oxygen 

The apparatus was filled with water, the circulating 
pump switched on and the valves so arranged that the 
liquid circulated but by-passed the column. The oxygen 
valve was then opened to introduce a predetermined rate 
of oxygen that had previously been found to give an oxy- 
gen concentration in the water of 20 ppm during an actual 
run. After 30 minutes recycling, the liquid was then intro- 
duced into the column at the required rate and the gas 
rate adjusted. The liquid entering and leaving the column 
then flowed through the sampling bottles, and the appara- 
tus left for 90 minutes to attain equilibrium. At the end 
of this period the sample bottles were disconnected, ensur- 
ing no air was admitted, and analysed by a modification of 
the WINKLER”: method for oxygen content. The tap 
water used was analysed for iron and organic matter by 
method 1 of the British Standards for water testing,” and 
no interfering radicals were found. Basically the WINKLER 
method consists of allowing the oxygen to oxidise man- 
ganous ion to manganic, and this manganic ion then 
liberates iodine from potassium iodide. This iodine is then 
titrated against sodium thiosulphate. The sample bottle 
was so constructed that the necessary reagents could be 
added without admitting air into the flask. 

The solubility data for oxygen in water was determined 
by Wuite® and checked by Luxon"”; agreement within 
2% was found. The data of Wuite™ was used in calculat- 
ing the MuRPHEE plate efficiency from Equation (1): 
Xn+1—Xn 
rpareo | sone 


where Emr = MuURPHEE liquid-film efficiency; 
Xn4+1 = liquid composition entering the tray; 
Xn = liquid composition leaving the tray; and 
Xn* = liquid composition in equilibrium with air 
leaving the tray. 


Eut = 


Air Humidification 

In the humidification of air, the MURPHEE vapour effi- 
ciency is given by 
H,—Hy, 
H.-A, iveo' 
where H; is the humidity of the air entering the tray, H. 
is the humidity leaving and H, is the saturated humidity of 
the air at the temperature of the liquid on the plate. To 
ensure that the system is vapour-film controlling, and also 
to eliminate complications due to temperature gradient 


Eg = 
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Fig. 2. Effect of water rate upon liquid film 
efficiency in absence of baffle. 
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Fig. 3. Influence of water rate upon Murphee vapour 
film efficiency without baffle. 
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Fig. 4. Effect of water rate upon liquid film 
efficiency with baffle. 
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Fig. 5. Influence of water rate upon Murphee 
vapour film efficiency, baffle fitted. 
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across the plate and temperature changes throughout each 
run, the experiments were carried out adiabatically, that 
is, with the water at the wet-bulb temperature of the inlet 
air. Furthermore, to increase the accuracy of the tests, they 
were run at an elevated temperature, thus increasing H,; 
and H.. The inlet air temperature was 90°C and the water 
temperature 31°C. 

The humidity of the inlet air was measured as the 
humidity of the air in the vicinity of the blower. This was 
measured by means of a sling psychrometer, the humidity 
being obtained from the wet and dry bulb thermometer 
readings by the following equation: 


0.26 
H, = Hw — =— (Ta— Tw) .. (3) 


where H, = humidity of the air; 


H. = saturation humidity of the air; 
Nw = latent heat of vaporisation; 

Ta = dry-bulb temperature of air; and 
Tw = wet-bulb temperature of the air. 


The equation gave more accurate results than humidity 
charts. 

Measurement of outlet humidity is always a difficult 
problem because it is never certain that the dry-bulb tem- 
perature is correct due to the presence of entrainment. In 
this experimental work it was found best to recycle the 
water, measuring the amount vaporised and deducting the 
amount of water entrained. To assess this latter figure two 
methods were used. First, water containing sugar, a non- 
volatile solute, was recirculated and from a mass balance 
and solute analysis at the end of the run the amount of 
liquid lost by entrainment was found. Secondly, the en- 
trainment was collected as completely as possible by a 
cyclone separator. On comparing the two entrainment 
results, it was found that they agreed within 1% of each 
other. The experimental procedure finally adopted was as 
follows. 

The 5%, sugar solution in tank (K) was heated by means 
of the thermostatically-controlled immersion heater to 
31°C, the water recirculated through the apparatus and the 
air heated to 90°C. A period of 30 to 45 minutes was re- 
quired for the temperatures to become steady. The pump 
was then stopped and the manometer read. The solution 
was again pumped, flow rates adjusted and the run con- 
tinued for approximately five hours. Frequently during this 
time temperatures and inlet humidities were taken. The 
pump and fan were finally stopped, the tank inclined 
manometer again read and the entrainment collected and 
weighed. From the results obtained, the humidity of the 
exit air was calculated. The saturated humidity of air at 
the mean temperature of the liquid on the plate was found 
from Perry.” During the run this plate temperature varied 
by 0.5°C to 1.0°C, so an average figure was taken. 


Experimental Results and Discussion 
Effect of Liquid and Gas Rates on Efficiency 

Fig. 2 shows that the liquid-film efficiency decreases with 
liquid rate at low air velocities, while at high air rates the 
liquid-film efficiency appears to be independent of the 
water rate. On the other hand, Fig. 3 shows that the 
vapour-film efficiency increases with increasing liquid rates 
and decreases with an increase in the air rate. Measure- 
ments of the foam height for varying liquid and air rates 
are given in Table 2. Increases in the air and liquid rates 
increase the foam height. It has also been observed that 
an increase in air velocity gives more agitation and jetting 
in the centre of the plate which is thought to be equivalent 
to a larger bubble structure in the foam. 

With reference to Fig. 2, it is suggested that although an 
increase in the liquid rate decreases the time of contact of 
the liquid with the vapour, at high-air rates this is to 
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some extent compensated for by the fact that the increase 
in the liquid rate increases the hold-up and foam height 
and thus the interfacial area of contact. For Fig. 3 the 
increase in efficiency with liquid rate is due to an increas- 
ing fuam height and the decrease of efficiency with in- 
creasing air rate is due to the fact that although the foam 
height increases there is a shorter time of contact with 
jetting decreasing the interfacial area of contact. 


The Effect of a Baffie and Baffle Clearance 

Comparing Figs. 4 and 5 with Figs. 2 and 3 indicates 
that a perforated baffle with a clearance of } in. from the 
base of the plate influences the effect of varying liquid and 
air rates on the liquid- and vapour-film efficiencies. 

Table 3 gives foam height results for the sieve tray with 
a baffle, and when compared with the results of Table 2 
without a baffle they show that the presence of the baffle 
reduces the foam height at high liquid rates and increases 
the foam height at low liquid rates. This means that as the 
foam height is less variable, with increasing liquid rate 
the efficiency decreases with increasing liquid load as 
shown in Fig. 4. It is suggested that the increase in vapour- 
film efficiency with liquid rate, as shown in Fig. 5, is due 
to an increase in foam height. The decrease in efficiency 
with increasing air rate is mainly due to a decreased time 
of vapour liquid contacting. Fig. 6 shows that with the 
baffle clearance greater than 4 in. the presence of the 
baffle makes very little difference as the liquid-film effi- 
ciency approaches the value recorded when the baffle is 
absent. 


Effect of Downcomer Height 

Figs. 7 and 8 show that an increase in downcomer height 
increases the liquid- and vapour-film efficiency. Foam 
height and liquid hold-up measurements on the tray in- 
crease with an increase in downcomer height. 


Effect of Plate Hole Diameter 

From Figs. 9 and 10 it can be seen that the liquid- 
film efficiency is almost independent of hole diameter 
while the vapour film efficiency is a maximum for }-in. 
hole diameter. It has been observed that }-in. holes give 
smaller bubbles and a greater foam height than ;-in. or 
t-in. holes. 


Effect of Free Area 

Figs. 11 and 12 show that the liquid- and gas-film 
efficiencies increase with air and liquid rate as the free 
area is increased from 5.0% to 11.0%. Although each plate 
investigated had varying numbers of 3s-in. diameter holes, 
the amount of liquid hold-up and the foam height was 
independent of the free area of the plate. The increase in 
efficiency and particularly the increase in vapour-film 
efficiency with increasing free area is difficult to explain. 
It is possible that the shorter time of contact for a stream 
of bubbles and the decrease in interfacial area due to the 
joining together of bubbles is one explanation for the 
decrease in efficiency. 


Stability of Operation 

For plates 1, 3 and 5 (Table 1) it was found that at low 
air rates not all the holes were bubbling and that weep- 
ing occurred. The lowest air rates which avoided weeping 
were found to be 1.8 ft/sec. for liquid rates of 400 Ib/hr 
ft®, while for higher liquid rates the required air rate 
increased to 2.4 ft/sec. A typical log-log plot of pressure 
drop against air rate is shown in Fig. 13, the weepage point 
occurring where there is a change in the slope of the lines 
for a given liquid rate. Plates 2 and 4 (Table 1) did not 
weep at the air rates investigated, although at certain low 
air rates all the holes were not bubbling and the bubbling 
action was intermittent. 
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Fig. 6. Results obtained with different baffle clear- 
ances showing effect upon liquid film efficiency. 
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Fig. 7. Effect of downcomer height upon liquid film 
efficiency. 
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Fig. 8. Liquid film efficiency v. downcomer height, 
in absence of baffle. 
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Fig. 9. Variation of liquid film efficiency with per- 
foration diameter. No baffle. 
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Fig. 10. Effect of hole diameter, baffle absent, upon 


Murphee vapour film efficiency. 
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film efficiency in absence of baffie. 


TABLE 2—Foam Height Results 


Fig. 12. Influence of free area upon Murphee vapour 


No baffle, plate hole diameter 4, in., downcomer } in., free area, 8% 
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Fig. 13. Effect of air rate upon pressure drop. No 


baffle used in these runs. 
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Fig. 14. 


Variation of pressure drop with down- 


comer height for three different water rate values 


TABLE 3—Foam Height Results 
With baffle, plate hole diameter }, in., downcomer t in., free area, 8% 











































2.0 
3.5 
4.3 
$.3 
6.5 
8.3 
12.0 


Water rate, Ib./hr/ft* 
Air 
Rate | 500 | 2000 | 3500 | 6000 | 8000 | 10,000 
ft/sec. 

Foam height, in. 
0s | 13 1.4 1.65 1.75 | 18 
10 | 21 22 23 2.5 3.0 
1.5 1.75 | 23 3.1 3.5 4.0 
20 | 1.75 195 | 3. 425 | 48 
25 | 165 | 21 3.0 5.1 5.5 
30 | 18 2.1 3.5 5.5 6.7 
35 | 22 3.3 43 6.3 8.0 
40) 25 3.3 5.1 6.7 | 10.0 


























Water rate, Ib./hr/ft? 
Air 
rate | 400 | 2000 | 3500 | 6000 | 8000 | 10,000 
ft/sec. 

Foam height, in. 
0.5 1.95 2.0 2.3 1.95 2.1 2.1 
1.0 3.3 2.9 2.3 2.5 2.1 2.2 
1.5 3.1 3.1 3.3 3.3 3.1 3.3 
2.0 2.7 2.9 3.3 3.3 3.9 3.9 
2.5 2.7 2.9 3.3 3.3 48 5.1 
3.0 2.7 3.1 3.3 3.5 6.0 6.7 
3.5 2.7 3.1 3.3 3.5 7.0 8.3 
4.0 2.7 3.1 3.3 3.7 8.0 10.0 
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not excessive, 
below the weepage point. The upper limit of stable opera- 
tion was governed by flooding in the column due to the 
limitation of the downcomer capacity. In all cases flooding 
occured before entrainment was in excess of 0.13 Ib. 
water/Ib. of air. 


Tray Design 

For the tray designs investigated it would appear that 
for liquid rates of the order of 500 Ib/sq. ft hr and for air 
velocities between 2.0-4.0ft/sec., the use of perforated 
baffles causes an increase of 6.0% in the efficiency. Al- 
though the pressure drop slightly increases with the fitting 
of a baffle, this disadvantage is more than compensated for 
by the increased efficiency. The presence of the baffle also 
reduced entrainment and increased the capacity of the 
downcomer and of the column. 

The selection of the weir height depends on a suitable 
compromise between an allowable increase in pressure 
drop and a higher tray efficiency. In Fig. 14 the ratio of 
the observed pressure and efficiency, i.e., the pressure drop 
per theoretical tray (Pz) in cm. of water, is plotted against 
the downcomer height with the liquid rate as the para- 
meter. It can be seen that at a boil-up rate of 500 Ib/sq. 
ft hr a downcomer height of } in. to 4 in. gives the mini- 
mum pressure drop per theoretical tray. Thus, for vacuum 
distillation, where pressure drop considerations are im- 
portant, a downcomer height of } in. to 4 in. would be 
selected. At atmospheric and higher pressures the selection 
of a suitable weir height depends on the maximum permis- 
sible pressure drop. LEIBSON et. al” recommends for design 


Generally speaking, it is considered that a tray is un- 
stable when weeping occurs, although experimental results 
in this investigation indicate that below the weepage point 
the pressure drop is lower and relatively constant and that 
although the liquid film efficiency decreases at low air 
rates the gas film efficiency increases. If the weepage is 
it may not be a disadvantage to operate 





purposes an outlet weir height greater than 14 in., but 
less than 3 in. A lower pressure drop is obtained with 
increasing hole diameter and as the decrease in efficiency 
with increasing hole diameter is small it would appear to 
be advantageous to use x in. to 4 in. diameter holes. 
MAYFIELD” and LEIBSON ef. al” recommend ¥-in. dia- 
meter holes for tray design, while in actual practice per- 
forations from 0.1 to 0.5 are employed.” Generally speak- 
ing, there is an advantage to increase the free area as the 
pressure drop decreases and the efficiency increases. As 
a free area of 11.0% for a liquid loading of 500 lb/hr sq. 
ft requires an air velocity of 2.5 ft/sec., to avoid weeping 
it may be desirable to select a free area of 8.0%. Free 
areas being used in industry range from 7.0-10.0%. 
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Summer School on Distillation Techniques 


SUMMER School on distillation techniques will 

be held in the Department of Chemical Engineer- 
ing of Loughborough College of Technology from 
July 21 to July 30. This course, which will cover the 
major design techniques in the field of distillation up to or 
beyond the level of the usual undergraduate honours 
course, is intended for persons with a degree or similar 
qualification in a pure or applied science and who have 
. some industrial experience in the field of process engineer- 
ing. The Syllabus of the course is as follows: 
Part I: Equilibria and Thermodynamics, Mr. H. K. Suttle 

(a) the thermodynamics of the separation process; 

minimum work, irreversibilities in process, ideal and 
non-ideal stages: and (b) the derivation and signifi- 
cance of fugacity and activity for vapour-liquid 
systems. 

Professor S. R. M. Ellis (Birmingham University) 

(c) vapour-liquid equilibria; ideal and non-ideal two- 
component systems; the prediction and experimen- 
tal determination of data; and apparatus and 
techniques. 
vapour-liquid equilibria; special problems including 
determination at low pressure, three component 
non-ideal systems, immiscible systems and azeo- 
tropism; and relations with solubility data. 

Part II: Stagewise Calculations, Mr. H. K. Suttle and 
Dr N. J. Hassett 
(a) Ideal binary and multi-component systems and non- 
ideal systems—unequal molal overflow; (b) azeo- 
tropic systems; feed plate matching and similar tech- 
niques; and approximations and short cuts. 


(d 


_— 
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Mr. W. L. Brayley 
(c) numerical methods; the application of numerical 
methods to stagewise calculations; capabilities and 
limitations of desk calculators; and the use of digital 
computers for distillation calculations. 
Part III: Plant Design 
This is an optional section which may be omitted by 
those who wish to concentrate on practical work. 
Dr. D. C. Freshwater 
(a) design of plate-type contacting apparatus; plate effi- 
ciencies and their variation with systems; overall 
column sizing: plate design for bubble caps; con- 
sideration of some new types of plates; (b) design 
of packed-type contacting apparatus; packed column 
design in terms of (i) efficiency, (ii) pressure drop; 
factors for various types of packing; and special 
constructional features. 
Dr. N. J. Hassett 
(c) automatic control of distillation columns; phase rule 
analysis and frequency response analysis; transient 
behaviour of columns; the importance of control of 
flow, temperature and pressure; typical “hook-ups” 
Mr. W. F. Calus 
(d) application of heat exchange equipment to distilla- 
tion units; forced and natural circulation reboilers 
and their uses; types of condensers and their loca- 
tion; and miscellaneous exchangers and their special 
features. 
Application forms and further details may be obtained 


from The Registrar, Loughborough College of Technology, 
Loughborough, Leics. 
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PERFORMANCE OF BUBBLE-CAP TRAYS 


A study of the effect of liquid viscosity upon mass transfer and upon 
plate efficiency correlations 


by P. E. BARKER, B.Sc., and M. H. CHOUDHURY, B.Sc., Ph.D. 





HE importance of liquid viscosity on the plate effi- 


ciency of bubble-cap trays and similar contacting Symbols Used 
devices has long been realised. Several empirical plate A = interfacial area of contact between liquid 
efficiency correlations have been proposed':** with the and vapour; 
liquid viscosity appearing as one of the principal variables. Dy = diffusivity in vapour phase; 





With the exception of WALTER and SHERWOOD’s correla- E = entrainment; 

tion’ the importance of liquid viscosity has been usually Ema = Murphree plate efficiency (gas); 
associated with its effect on liquid diffusivities, and hence Eoc = point efficiency (gas); 

the resistance to mass transfer within the liquid phase. G = vapour rate; : 
This paper gives further evidence’ that viscosity can H = absolute humidity of air; ; 
influence the mass-transfer performance of a tray through H.° = peers | bed = — saturated at leaving 
its effect on the interfacial area available for mass transfer. Ree pat fires coy ceca coefiicient: 

_ Using air and different strength sugar solutions to give ka = gas-film coefficient; 
different liquid viscosities, and operating the tray under kt = liquid-film coefficient; 
adiabatic conditions, liquid-phase resistance to mass trans- L = liquid rate; 
fer can be eliminated. The influence of liquid viscosity on m = slope of equilibrium curve; 
the gas-film efficiency can thus be studied and has been Noe = number of transfer units on overall gas 
the method adopted in this work. In most distillation basis; ab 
systems liquid viscosities range from about 0.15 to 0.5 cp, Na, Ni = number of transfer units on individual gas- 
but in absorption the viscosity may be as high as 20 cp. and liquid-film bases; 
The solutions studied in these experiments ranged from Sc = Schmidt number (+ ) physical properties 

v v 


0.85 to 17.0 cp. of gas phase; 
































Ze = height of gas liquid contact; 

Apparatus Used no igh en, 

The 5-ft-diameter plate used in this work was of ty = gas viscosity; and 
GLITSCH-type construction fabricated of stainless steel and po = gas density. 
mounted in a mild-steel shell. The main dimensions of the Subscripts 1 and 2 refer to entering and leaving condi- 
bubble-cap plate are given in Table | and a line diagram tions respectively. 
of the complete unit is shown in Fig. 1. Air was supplied 
to the plate by a fan capable of delivering 3300 cu. ft/min. 
of air against a head of 12 in. of water. The liquid system 
on the apparatus formed a closed circuit. The sump tank, 
besides acting as a measuring tank, also served as a mixing eeenun car 
tank for preparing the different-strength sugar solutions. PLATE 

FEeGVSE CGI 

Choice of Circulating Liquid — 

The physical properties of the liquid that alter the 
hydraulic- and mass-transfer behaviour of contacting O a} 
devices are viscosity, density and surface tension. As vis- Z } iden : 
cosity was the particular property being studied, it was FAN AIR FLOW Weir 
essential to be able to readily produce solutions of dif- pba | | 
ferent viscosity while maintaining the density and surface 
tension reasonably constant. The apparatus was compara- SUMP TANK 
tively large, the amount of solution in circulation being ¢ 








250 gallons, so that a reasonably cheap solute was 





Mr. Barker is a lecturer in chemical ag et at Birming- 
ham University and Dr. Choudhury was formerly a research 
student at the University. 





Fig. 1. Flow diagram of experimental apparatus 
employing a 5-ft bubble-cap tray. 
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desirable. Sugar solution offered these advantages and was 
finally chosen as being suitable. The physical properties of 
sugar solutions are listed in Table 2 and it can be observed 
that an increase in viscosity far exceeds changes in density 
or surface tension. 


Variation in Gas-film Efficiency due to Changes in 
Liquid Viscosity 

The .gas-film efficiency of the bubble-cap tray was deter- 
mined by the well-known method of adiabatic humidifica- 
tion of air. The sugar solution under test is recirculated 
over the bubble-cap tray while unsaturated air at a known 
rate and inlet humidity passes through the tray. When the 
recirculated solution attains the wet-bulb temperature of 
the air,- the solution entering the tray leaves the plate at 
the same temperature and all the heat given up by the air 
is utilised in evaporating the water. Under conditions of 
adiabatic humidification the resistance to mass transfer 
resides in the gas phase so that a gas-film efficiency can 
be evaluated as follows. 


H,—H 
Euc = ==—) 
MG = Fa, 
where H, = the humidity of the air leaving the plate; 
H, = the humidity of the air entering the plate; 


Hs* = the humidity of the air when saturated at 
leaving dry-bulb temperature; and 
Euc = Murphree plate efficiency. 


The presence of the sugar in the circulated solution has 
negligible effect on the vapour pressure of water, so that 
humidity tables can be used for the determination of Emc. 

The method developed by FRESHWATER‘ was used for 
calculating the humidity of the air leaving the plate (H2). 
The principle of the method consists in measuring the total 
amount of solution in the system when equilibrium condi- 
tions have been attained, and then to measure the volume 
again when a substantial amount of solution has been lost 
by evaporation and entrainment. The concentration of the 
sugar solution is measured at the beginning and end of the 
run, so that by material balance it is possible to determine 
the amount of water evaporated and also the amount of 
solution lost by entrainment. Sugar concentrations were 
determined by a Brix hydrometer and an Abbe refrac- 
tiometer. By using hot water and without sugar present, 
viscosities below 1.0 cp could be achieved. 

The gas-film efficiency results obtained for different 
liquid viscosities at a constant liquid rate of 21 gpm and 
a slot velocity of 14.58fps are given in Table 3, and 
plotted graphically in Fig. 2. 

The results given in Table 3 have been replotted on log- 
paper in terms of transfer units and viscosity in Fig. 3. The 





Fig. 2. Plot of Murphree plate efficiency v liquid 
viscosity. Log-log. 
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I mci es : 
plot shows that Ne & — >, up to a liquid viscosity of 
u 
4.0 cp. Above this viscosity 
1 
0-60 
This result has an important bearing on the GERSTER, 
et al,®: © method of evaluating plate efficiencies. The method 
expresses efficiencies of plate columns in terms of transfer 
units, employing a method similar to that used in the 
analysis of packed-column performance. Their correla- 
tions are based on the equation 
~KGA Z, 
In (1—Eog) = — G — — Noc — 
The resistance term in this equation can be separated into 
two terms, representing the separate resistances to mass 
transfer of the vapour phase and the liquid phase 
respectively. 


NG x 





eee aw See 
In(l—Eog) ke°Z,A | ktZ,A Nog ' LN, 
..-(2) 


The individual phase efficiencies are determined separately 
for the tray under examination; the pure gas-film 
efficiencies are calculated for the process of air humidifica- 
tion and pure liquid-film efficiencies for oxygen desorption. 
For predicting the efficiencies in new untried systems, 
GERSTER. recommends correlating the pure phase 
efficiencies with the physical properties of the new system 
before recombining them by Equation (2). 

For the gas phase it has been suggested that the number 
of transfer units Ne (1) for system (1) is related to Ne (2) 
for system (2) by the equation 

FNcg (1) _ [Sc (2)]°° 

'Ne@) |Sc a 
in which Sc (1) and Sc (2) are the respective Schmidt num- 
bers of the two systems with reference to the gas phase. 

Equation (3) includes only the physical properties of 
the gas phase, whereas this paper shows the rather interest- 
ing fact that the physical properties of the liquid can also 
influence the gas phase efficiency. For example, for the 
particular tray used in this work and for liquid viscosities 
above 4.0 cp, it is suggested that Equation (3) should be 
modified as follows: 


Ne (1) _ i= a)" k 2) ig 

Ne (2) Sc (1) u (1) 
Below 4.0 cp the effect of viscosity on gas-film efficiency 
is negligible and for practical purposes can be ignored. 
Further work is required to show the influence of tray 
design and gas and liquid loadings on the break point 
viscosity (4.0 cp in the above tests). 


. (3) 








eee (4) 




















Fig. 3, Plot of number of transfer units, gas-film 
basis, against liquid viscosity. 
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around 5.0 cp. 


Table 1 


Fig. 4. The effect of liquid viscosity upon entrain- 
ment. A sharp change is evident at liquid viscosities 








Plate diameter: 5 ft 
Inlet weir: 3 ft. 5 in. Outlet weir: 3 ft 6 in. 
Outlet weir height: 3% in. 
Cap details: 36 caps of 5 in. diameter; 20 slots per cap. 

Cap spacing: 7 in. equilateral triangle centres. 

Slot height: 1% in. Slot width: top 4 in., bottom % in. 
Skirt clearance: ¥& in. 








Table 2 





Concn. of Density at Viscosity in 
sugar by 20°C gm/ce. a" pressure at 


Vapour 


Surface tension 
(dynes/cm) at 21°C 









































weight % 0°C in torr. | and atmos. pressure 
mm. 
0 0-998 1-005 4.58 72.68 
10 1.038 1.45 4.55 73.35 
20 1,081 1.96 4.52 74.47 @ 20.5% 
30 1.127 3.208 4.50 76.24 @ 31.0% 
40 1.178 6.210 4.47 77.13 @ 40.7% 
50 1.234 15.54 4.44 78.68 @ 51.2% 
Table 3 
Viscosity EmG Ne Entrainment 
cp gal./hr. 
0.85 78.5 1.6 
0.91 82.1 1.72 
1.0 80.2 1.62 
1.25 81.1 1.66 
2.15 78.5 1.56 3.0 
2.3 78.0 1.51 2.3 
2.6 77.0 1.46 2.76 
3.2 79.7 1.59 2.3 
3.8 76.0 1.42 2.77 
4.0 78.9 1.51 2.8 
4.75 72.5 1.29 yh 
5.9 69.5 1.18 3.0 
6.0 70.0 1.2 2.15 
7.2 65.8 1.07 2.0 
8.1 62.1 0.97 2.0 
9.6 58.0 0.87 1.9 
10.5 56.3 0.86 1.74 
11.5 47.9 0.65 1.87 
12.0 52.0 0.73 2.0 
13.0 48.2 0.655 -- 
14.0 45.3 0.79 1.49 
15.2 $2.1 0.65 1.68 
16.8 42.3 0.54 1.72 











The entrainment results for the tray, shown plotted in 
Fig. 4, again show a marked change at about 5.0 cp, the 
entrainment decreasing with increasing viscosity of the 
solution on the tray. The entrainment E « («)® where 5 as 
taken from Fig. 4 is equal to —0.23. 


Discussion 

The reduction in gas-film efficiency caused by changes 
in liquid viscosity is due primarily to a reduction in the 
interfacial area available for mass transfer with increasing 
viscosity. Viscosity can increase the size of a bubble at 
bubble formation at the slot or orifice by retarding the rate 
of closure of the neck of the bubble. This change in bubble 
size could be detected by liquid hold-up measurements for 
the tray.. The liquid hold-up on the tray decreased with 
increasing liquid viscosity even in the region 1 to 4cp, 
where the gas-film efficiency appears to be almost un- 
changed by viscosity. Also at low viscosities a depth of 
foam was maintained on the plate, but this disappeared 
with increasing liquid viscosity. 

A beneficial effect of liquid viscosity will be to retard 
the rate of bubble rise through the liquid on the plate, 
leading to increased mass transfer. This effect, however, 
does not appear to be sufficient to balance the decrease in 
surface area obtained at higher liquid viscosities. 

The entrainment results are only of qualitative value 
because only one plate was used. The droplets which form 
the entrainment from a tray are produced by the bursting 
of bubbles and the disintegration of slugs of liquid and 
foam. Viscosity affects the size of the droplets formed, 
higher viscosities producing larger droplets. It is expected, 
therefore, that a rise in viscosity will reduce the entrain- 
ment. This was found to be so for viscosities above 5.0 cp. 
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1.C.L.2s New Shop 


INTERNATIONAL COMBUSTION LTD.’S new heavy engineer- 
ing shop at their Derby works, built at a cost of about 
£1 million including the cost of equipment, was officially 
opened by The Rt. Hon. Lord Mills on April 24 in the 
presence of I.C.L.’s chairman, Sir James Reid Young, and 
other directors of the company. Completed six months 
ahead of schedule, the new shop will cater for vessels up 
to 124 ft in diameter and 50 ft in length which, with the 
addition of a “Clean Conditions Building” (claimed to be 
unique in nuclear construction work), and extensions of 
the company’s research and test facilities, should prove to 
be a significant contribution to the country’s economy as, 
in the past, a number of pressure vessels, due to a lack 
of manufacturing capacity, had been purchased abroad. 

The clean conditions building, which is separate but 
complementary to the new shop, has been erected on its 
east side. In this the final assembly of heat exchangers 
and similar vessels for nuclear work is carried out in 
booths which are completely isolated and fully air con- 
ditioned. The finished work can be assembled in conditions 
of absolute cleanliness, prior to being sealed for dispatch. 

Orders in hand at the moment include four heat ex- 
changers for the A.G.R. at Windscale; the 550-MW reheat 
boiler, ordered by the C.E.G.B. for Thorpe Marsh Power 
Station; five 120-MW reheat units for the Central Termo 
Electric for Buenos Aires; and two 200-MW units for 
the Electricity Commission of New South Wales. 
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THE BALLAST TRAY— 


A NEW DISTILLATION DEVICE 


A vapour liquid contacting device with a stable range of operation 


represented by a9: 1 “‘turn-down’”’ ratio 


by B. J. ROBIN, B.Sc., A.M.I.Chem.E. 


HEN designing a new column for distillation, 

absorption or stripping duties, it is desirable to select 
a device which will give the best possible overall perform- 
ance for the minimum capital investment. During the past 
decade, the many developments that have been proposed 
and employed have all involved some compromise between 
performance and investment. These developments can be 
viewed against the background of the bubble-cap tray 
which has been considered the best equipment for these 
duties for so many years. This type of tray has main- 
tained its position for a long time owing to self-evident 
advantages, including an adequate degree of flexibility, 
predictable design throughput (allowing a considerable mar- 
gin for over-design) and an enormous background of effi- 
ciency performance data. The main drawback has been the 
rather complex and bulky unit construction; in addition, 
the unnecessarily large number of possible design variables 
leads to widely varying tray designs without any specific 
performance improvement. Design standardisation both 
for production and research is almost impossible. 

In an attempt to reduce the installed cost of the column, 
the problem has been approached from two directions: 

(a) to simplify the tray construction, and thus reduce 
tray cost per sq. ft; and 

(b) to design a tray which will offer an increased 
handling capacity per sq. ft of total plan area, so 
that both tray and column diameter may be 
reduced for a given duty, with consequent saving 
in investment. 

In the free area type of tray, such as the grid tray, the 
downcomers are eliminated and the whole of the column 
cross-sectional area is then available for counterflow of 
vapour and liquid. The construction is certainly simple in 
all such types of tray, and a significant increase in through- 
put is obtained compared with the bubble-cap tray. How- 
ever, flexibility of throughput is sacrificed in achieving this 
result, and due to the complete mixing of liquid between 
trays, the tray efficiency is significantly lower; thus the 
saving in final column volume is not as great as might be 
expected. 

A tray efficiency comparable with the bubblecap tray 
can best be obtained by retaining the downcomer which 
permits liquid cross-flow on the tray surface.' Measures 
should then be taken to improve the handling capacity of 
the bubbling area compared to the best bubble-cap design 
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Fig. 1. 


A distillation column tray constructed of 
12/14Cr steel and employing ballast units. 


and so simplify the mechanical design between weirs. 
Efforts in this direction include the modern version of the 
perforated-plate tray, where a simple sieve is used between 
weirs; the number of vapour liberation points per unit area 
is increased and the likelihood of local jetting leading to 
heavy entrainment is reduced. Efficiency at least equal to 
the bubble-cap tray is achieved with 20 to 30% increase of 
throughput. The flexibility is, however, limited by the 
necessity to design for a minimum vapour load which will 
prevent liquid dumping through the open holes in the tray 
floor. When designing for a moderate pressure drop, the 
“turn-down” available will be about 2:1 and at best it will 
be only 3:1, with a fairly large pressure drop and large 
tray spacing. A satisfactory contacting device should not 
only handle its absolute design operating loads, but should 
operate satisfactorily at a fixed vapour/liquid flow ratio 
over a wide range of throughputs—i.e., it should have 
“flexibility”. A useful method of defining flexibility, or 
“turn-down” as it is sometimes called, is the ratio of 
maximum to minimum vapour throughput which the 
device will handle at constant vapour/liquid ratio, without 
significant alteration in the contact efficiency. 

In order to retain the flexibility of 4 or 5:1 obtained 
on the bubble-cap tray, other efforts have been directed to 
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reducing the complexity of construction by using long- 
tunnel type caps. This method is best represented by the 
type of tray where the whole tray between weirs is con- 
structed from interlocking bubble caps which are self- 
supporting on a 10-ft span. It is possible, incidentally, in 
this way to increase the free or open area of the tray, 
which is limited by the mechanical construction of a 
bubble-cap tray to 12 or at the most 14% of the total tray 
area, and thus obtain a slightly increased throughput. 
However, in any type of tray using caps with vertical slots, 
the vapour flow pattern is seen to encourage local en- 
trainment of liquid, especially at low slot submergences 
which may be required for vacuum operation. At the 
higher vapour flow rates the entrainment increases steadily 
with vapour velocity, leading to a gradual fall in tray 
efficiency, well before peak throughput is reached. The 
tray efficiency is therefore falling away quite steeply at 
throughputs approaching the maximum which, in a well- 
designed tray, is limited by the onset of column flooding at 
100% entrainment. Ejection of the vapour in a horizontal 
direction at deck level would help to minimise entrain- 
ment. At the lower vapour rates there is a definite reduc- 
tion in tray efficiency below that at design ratings. 

Indications have been given’ that the gas bubble-flow 
pattern changes at reduced rates and that the gas circula- 
tion inside the bubble is restricted as the bubble diameter 
is reduced.’ As a result, the gas-film resistance would 
rise under these conditions, leading to poor tray efficiency 
in systems where this resistance is the controlling feature. 
The final lower limit to bubble-cap vapour throughput is 
set by the onset of pulsation, which is related to surface 
tension.‘ At this point the tray operation becomes un- 
stable. The design efficiency of this type of tray therefore, 
is, in practice, limited to a rather narrow operating band. 
If the full operating flexibility range is to be utilised, then 
arrangements must be made to accommodate this fall in 
efficiency under part load conditions either by using a 
reflux ratio higher than design, or by using a larger num- 
ber of trays than those required at design loading. 


Tray Design Requirements 

The requirements for any new tray design which will 
show overall improvement can therefore be set out as 
follows: 

(A) flexibility at least equal to the bubble-cap tray, 
and preferably better; 

(B) efficiency at least equal to the bubble-cap tray, 
and preferably better; 

(C) constant efficiency under varying load conditions, 
enabling confident design to be made over a 
wide range; 

(D) construction to be as simple and cheap as pos- 
sible; 

(E) throughput to be as high as possible, per unit 
bubbling area; and 

(F) the pressure drop should be as low as possible, 
particularly per theoretical plate. 

Further points arising from the above are: 

(a) the vapour should issue from the slots at a velocity 
as near constant as possible, over the whole in- 
tended operating range. This will enable design 
for (A) and (C) to be achieved, by avoiding the 
lower pulsation limit of the bubble-cap design. 
A controlled variable slot opening is necessary; 

(b) the tray should use downcomer/crossflow-type 
construction; 

(c) the original column design is made allowing for 
the tray efficiency at the design point. Constant 
efficiency will enable the full flexibility of the 
tower to be usefully employed, without alteration 
of the operating conditions; 








(d) the mechanical fabrication should avoid compli- 
cated presswork, threaded parts and welding, and 
is best made by simple press operation. The 
smallest weight of metal consistent with a satis- 
factory mechanical performance should be used; 

(e) a design with a high free area fraction will per- 
mit high vapour throughput to be obtained. It 
would also reduce entrainment if the vapour 
issues in a horizontal direction in a uniform 
manner from each liberation point at all vapour 
flow rates. The downcomer design will be iden- 
tical for all types of tray design, and the through- 
put should therefore be based on the bubbling 
area only. In towers handling a high relative 
liquid load it is important to offer a tray design 
where the hydraulic gradient across the tray is as 
small as possible. This indicates that a low com- 
pact unit is required offering minimum resistance 
to liquid crossflow; 

(f) the vapour passage should be direct, with mini- 
mum contortions leading to parasitic losses. The 
free area should be as large as possible to reduce 
the “orifice pressure drop” to a minimum; and 

(g) a useful basis of evaluation for the final design is: 

@ throughput 
' efficiency 

(ii) pressure drop/theoretical plate; 

(iii) column volume for given duty; and 

(iv) complete column cost for given duty under 
stated design conditions. 


per plate; 


Glitsch Ballast Tray 

With these points in mind F. W. Glitsch, Inc., of Dallas, 
Texas, developed a new tray (Patent applied for) which 
approaches as near as possible the ideal. They chose the 
valve-type tray as embodying many of the essential 
features and by attention to details of design and per- 
formance evolved the new Glitsch Ballast Tray. The units 
employed to replace the bubble-cap are shown in Fig 1, 
and are about 2 in. o/d X } in. high. The construction 
is particularly compact, and the appearance of a complete 
tray can be seen in Fig. 2. 

Each unit consists of a three-part assembly comprising 
a cover for the opening in the tray floor, called the “orifice 
cover”, a modulating weight controlling the opening of 
this cover, called the “Ballast Weight’, and an enclosing 
shroud called the “Travel Stop”. Vapour rises from below 
the tray, passes through the orifice, and is deflected to a 
horizontal path via an annular slot formed between the 
orifice cover and the tray floor. This slot opening varies 
automatically to suit the vapour flow and gives a nearly 
constant slot velocity. The opening is controlled by the 
ballast weight as conditions vary. 

Referring to the points mentioned above, the resultant 
performance is as follows: 


(a) by reason of the mechanically controlled vapour 
opening the overall flexibility of the tray is 9:1. 
That is to say that if a tray is designed for nor- 
mal vapour and liquid loadings, then the tray 
will operate in a completely stable manner at 
least down to 11% of these loadings. It is im- 
portant to note that over the whole of this range 
the vapour velocity through the slots is sensibly 
constant, so that pulsations in flow are avoided, 
and stable operation assured. This valuable feature 
can be utilised in several ways: 


(i) the turn-down can be used to ensure opera- 
tion down to 11% of design flows. This could 
arise from a straight reduction in through- 
put of a distillation column, or perhaps by 
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large reductions in vapour requirements on a 
stripping column. 

The initial design can be arranged at mid- 
point of the operating range, when future 
expansion of up to four times can be catered 
for, while still retaining at least 2:1 turn- 
down. 

There are cases, especially in heat exchange 
sections, where the vapour volume to be 
handled is not known with any degree of cer- 
tainty. The wide flexibility facilitates design. 
A constant tray design may be used over 


(ii) 


(iii) 


(iv) 


given tower sections where the vapour 
volume is varying, simplifying design and 
maintenance. 


It is interesting to note that this flexibility is about 
double that obtained on a well-designed bubble-cap tray 
which, in turn, is better than any of its more recently 
developed substitutes; 

(b) a wide range of test results shows that this new 


tray always shows an efficiency for any given 
system at least equal to the bubble-cap tray. 
Design efficiency may therefore be obtained by 
reference back to existing bubble-cap designs 
without using any correction factor for the new 
tray type. In view of the wide background of 
experience built up with the bubble-cap tray, 
this is a useful feature; 


(c) these same test results show that a constant effi- 


ciency under varying load has been approached to 
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2. A single ballast unit, the cover, plate and 
travel stop replace the cap and riser assembly of the 
conventional bubble-cap. 
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Typical performance chart showing opera- 
tion at 24 psia. 
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a remarkable degree. The lightweight orifice cover 
is able to follow quick changes of vapour flow- 
rate, even at low throughputs, thus stabilising the 
tray flow pattern; liquid dumping through the 
tray floor openings is also avoided. It appears that 
the mechanism of bubble formation at these low 
flows is completely different from the bubble cap, 
with the result that there is no lower pulsation 
limit and larger gas bubbles are generated. A 
typical result for normal operation at atmospheric 
pressure is shown in Fig. 3. It can be seen that 
the droops in the curve away from the design 
point, shown by the bubble-cap tray, have been 
almost eliminated. It is particularly interesting to 
note that, as the vapour throughput is reduced, 
the tray efficiency is steadily rising. The minimum 
efficiency for design over a variation of through- 
put can be obtained by joining together the two 
points on the efficiency curve corresponding to the 
throughput limits. The great advantage over the 
bubble-cap tray can be seen from the example 
given. The curve represents true full-scale experi- 
mental results on a 4-ft diam. tower with nine 
trays, and there are no hidden troughs in these 
results; 


the simplicity of the active unit used on this new 
tray can be observed in Fig. 1. Manufacture is 
undertaken by blanking and bending operations 
which are each simple and speedy jobs. The com- 
plete unit is fastened to the tray floor by cleats 
which pass through openings which are specially 
shaped to eliminate liquid leakage. The tray is 
therefore well suited to operation where the liquid 
load is small, e.g., high-vacuum distillation. For 
special purposes a quickly detachable unit can be 
supplied, but in this case some liquid leakage is 
possible owing to the different method of con- 
struction necessary. The unit can thus be fabri- 
cated from any wrought material which is cap- 
able of being cut and bent, and the compact 
design and the manner in which it is made up 
enables the most economical tray to be offered, 
whatever the materials of construction. It can be 
seen that the ballast unit is clamped to the tray 
floor. There are, therefore, no welded attachments, 
nor any threaded parts. On corrosive duties this 
can be a significant advantage in promoting 
maximum corrosion resistance of the metal em- 
ployed. Materials requiring heat treatment after 
welding can be more easily employed and it would 
even be possible to employ metals which cannot 
be welded at all; 


(e) it can be seen from Fig. 2 that the packing density 





of these units can be much higher than for a 
bubble-cap tray. The free area fraction can there- 
fore be increased. In addition, the vapour issues 
in a defined horizontal direction and does not 
commence to flow upwards until the whole avail- 
able area for vapour flow is filled. The upward 
vapour velocity is then very nearly constant, and 
localised jets are completely avoided. In these 
ways the throughput obtainable in the bubbling 
area is increased to the highest possible value 
without excessive entrainment, leading to an 
economy in tray area and in tower volume. As 
shown in Fig. 3, the maximum throughput for this 
particular case was obtained at an F, factor of 
2.25 based on the whole tower area, which is an 
improvement of at least 20-30% on a bubble-cap 
tray operating under the same conditions. A signi- 
ficant increase in vapour handling capacity is 
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therefore achieved. The F, factor is defined in this 
case as: 
F; = V; D,} 


where V, = tower superficial vapour velocity, ft/sec; 
D, = vapour density, Ib./cu. ft 


It has been found that, with the compact design 
of unit employed on this tray, the liquid- 
hydraulic gradient is negligible. Design for high 
liquid flowrates can therefore be accommodated 
with ease; 

(f) the vapour flow path through the unit is direct 
without unnecessary reversals or expansions and 
contractions; an orifice contraction and expansion 
loss taken together with a right-angle turn ac- 
counts for the flow pattern, and hence the dry- 
plate pressure drop. It is possible to design a tray 
for vacuum service showing less than 3.0 mm. 
Hg pressure drop while still retaining a 14-in. 
liquid seal and good tray efficiency. If close tray 
spacing is a design necessity, this low-pressure 
drop is useful in preventing excessive back-up of 
liquid in the downcomer. 

It has been mentioned that the efficiency of this new 
tray equals that on the bubble-cap tray, but owing to the 
lower pressure drop that important design parameter— 
pressure drop per theoretical plate—is much improved. At 
conservative design ratings the tray pressure drop is ap- 
proximately equivalent to the liquid height held by the 
outlet weir. Since the tray efficiency is rising as the allow- 
able vapour flow is lowered, it is possible to offer a wide 
range of operating points; the final selection would be 
made by economic considerations. 


Conclusion 

Some genera! observations on the ballast tray design 
follow. It will be noted that the ballast unit does not 
employ slots for breaking up the vapour flow into small 
bubbles. However, the performance results show con- 
clusively that this is not detrimental to tray efficiency, 
which is indeed-higher than the bubble-cap tray at corres- 
ponding flow rates. Further evidence is available in the 
A.L.Ch.E. Research Report’ to show the negligible effect 
of slot width in a bubble cap on the tray efficiency. Tests 





have been made using bubble caps without any teeth at 
all, and the results agree closely with those from caps 
using }-in.-wide slots. 

Achievement of the above results involves the incorpora- 
tion of moving parts on the tray, which have the great 
advantage of giving a constant controlled slot velocity 
leading to the stated advantages. Practical experience to 
date has shown no problems with sticking of these moving 
parts. The mechanical design incorporates dimples and 
stand-off lugs which reduce the contact area on shut-down. 
The initial movement of the various parts of the assembly 
is therefore accomplished easily. 

The moving parts are normally fabricated from stain- 
less steel. This has a smooth, non-adherent surface and it 
has been found from many years of experience on the 
bubble-cap tray that fouling by adherent solid deposits is 
minimised by using stainless steel. In addition, owing to 
the movement of the active parts on the ballast tray, the 
tendency for brittle deposits to adhere to the assembly is 
even further reduced: in practice extended service life is 
obtained under this type of duty. 

Operation, therefore, in plant industrial units has shown 
that the adoption of this tray (employing moving parts) 
has no detrimental effect on service life; indeed, there is 
every indication that in many cases operating time 
between cleaning operations will be substantially increased. 

The ballast tray is normally designed using standard 
sectional tray construction, with the tray supported on 
rings welded to the interior column wall. The downcomers 
are identical with those provided for a bubble-cap tray, 
and interchangeability for replacement purposes is there- 
fore easy. The mechanical design of the tray and supports 
follows that used on other trays, though the superficial 
weight for the ballast tray is significantly lower than the 
bubble-cap tray, which results in a saving of material costs. 
both in the assemblies and in the supporting beams. 
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Romford Gas Reforming Plant 


NEW gas reforming plant which is so far removed 

from the traditional gas works that one is almost 
tempted to refer to it as a chemical works for the produc- 
tion of consumer gas was Opened on May l—an apt day 
for the introduction of revolutionary techniques—by Lord 
Mills, Minister of Power, for the North Thames Gas Board 
at Romford, Essex. Operated by a staff of four men, the 
gas reforming plant and a new oil gasification plant are 
capable of producing 50 million cu. ft of gas a day, and 
makes the Romford works the second largest in the Board. 
The capital cost of the new plant is less than for the 
traditional type—under a Id. a therm compared to 3d. a 
therm—and it is producing some of the cheapest gas at 
present being made by the Board. 

The refinery gas used at Romford is of high purity, 
being freed from all impurities at source. This allows the 
use of steel mains, which, in turn, allows the use of 
pressures up to 275 psi and the conveying of very large 
quantities of gas into Romford. The reforming plant, which 
was constructed by Humphreys & Glasgow, operates on the 
Onia-Gegi principle, where steam and gas are passed over 
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a catalyst at an elevated temperature, the gas being con- 
verted to a low calorific or “lean” gas rich in hydrogen. 
This “lean” gas is used to dilute further supplies of 
refinery gas, so that the gas finally leaving the plant has 
a consistent calorific value of 500 Btu, and is interchange- 
able in every way with town’s gas made by the more 
traditional methods. The purifying system selected for the 
plant allows the production of a gas completely free from 
sulphur. The gas, after conversion, is stored at Romford. 

The output associated with each of the four units which 
make up the reforming plant was initially expected to be 
of the order of 9 million cu. ft a day. However, there were 
hopes that the output might be greater and provision was 
made for over-load. Outputs far in excess of this figure 
have already been achieved, and a maximum output of 
12 million cu. ft a day from one unit is now common. 
Already 36 million cu. ft a day of gas has been produced 
with three units out of the four in operation, and the 
Board state that they are confident that an output, when 
the raw material is available, in excess of the designed out- 
put will be achieved. 
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Sutcliffe idlers ensure almost frictionless conveying with minimum 
maintenance. Grease packed for long life and designed to suit the most 
arduous conditions, Sutcliffe idlers increase belt life by providing a carefully 
proportioned trough to the belt for even weight distribution and tracking. 








































3 Pulley Fully Troughed idiers used throughout the 
standard run of the conveyor. The trough of 
the idler is deepened at the loading point to 
provide a high degree of automatic central- 
isation of the load. 












3 Pulley impact Idiers. Three used at every loading 
point absorb the impact from heavy and sharp 
material, thus preventing damage to the belt. 
The cushioning effect is obtained by a series of 
rubber rings clamped endwise to present an 
unbroken surface to the belt. 










a Se . 
Disc Type Return Rollers present a limited area 
to the belt, thus preventing deposit build 
up. These rollers are especially successful 
when sticky materials, such as superphos- 
phate, are handled. 


















Cast Iron idiers. This cut away section shows the unique 
piston ring seal which provides complete protection 
‘for the bearings. This idler is specifically designed for 
handling materials where abrasion or corrosion must 
be resisted. 
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HIS year-old report, now released to the general public 

and drawn up by a committee from the Association 
of British Chemical Manufacturers and the British Chemi- 
cal Plant Manufacturers Association, outlines the areas 
of the subject which most require further elucidation. 
While recognising the considerable knowledge of distilla- 
tion already in existence, the report points out that so 
much capital is invested in distillation equipment that even 
minor economies arising from better design may be justifi- 
able; moreover, the ever-extending range of new products 
being distilled presents new problems. 

The following sectors of the subject were selected from 
those most in need of attention and capable of being 
tackled effectively: physical data for distillation systems, 
mass transfer, efficiency of contacting means, instrumenta- 
tion and automatic control of distillation columns. 

In dealing with the physical properties of pure com- 
pounds, the committee reviews the available methods for 
estimating these properties in the absence of experimental 
values. Such properties include liquid viscosity, density 
and surface tension, vapour pressure, heat capacity, heats 
of vaporisation and solution. Reference is made to a useful 
review by Scheibel of methods for predicting these pro- 
perties. It is not recommended that a critical survey of 
the known methods should be undertaken in view of the 
magnitude of such a task. If a physical property is not 
known, probably the best course is to measure it. 

For the solution of the vapour /liquid equilibria problem 
three lines could be followed. No equation has yet 
developed for relating activity coefficients to composition 
which can be used generally. Such an equation may make 
possible the prediction of equilibria in the absence of 
experimental data. Another suggestion is the measurement 
of the physical properties of a system likely to have an in- 
fluence on equilibria to see whether a relation exists 
between them and the equilibrium data. For three com- 
ponent systems the possibility of prediction from the 
data for the three binaries should also be pursued. 

The inadequacy of the methods for calculating the effi- 
ciency of contacting means has given impetus to the study 
of mass transfer in distillation as a route to the highly 
desirable goal of accurate efficiency prediction. Here the 
physical properties of the fluids are the most important 
factors to consider and the falling-off in plate efficiency 
significantly at the extreme ends of the concentration 
range, Or near an azeotrope, is also worth investigating. 

If it were possible to estimate plate efficiency trom basic 
principles, the effect of non-mixing of vapour and liquid 
phases would have to be known and research on this effect 
was therefore urged. This would be worth while in view 
of the difficulty in allowing for non-mixing in a practical 
design. 

The complexity which surrounds investigations into 
mass transfer in distillation is emphasised by reference to 
the mathematical expression relating the number of trans- 
fer units to point efficiency. Accurate information on two 
variables which appear in this equation is lacking—the 
transfer area and the froth height. In the case of the 
former, a useful approach may be to investigate the effect of 
the geometry of the contacting means upon bubble growth, 
frequency, size and shape, using different physical systems. 
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Frothing, apart from its effect upon transfer area, has 
an influence also upon tray spacing and downcomer 
dimensions. For short-lived froths, which occur in indus- 
trial distillations, a stability criterion is required and re- 
search is needed upon the physical factors which affect 
their formation. 

Considered next are the various classes of liquid / vapour 
contacting means grouped for convenience into packings, 
devices which allow vapour and liquid to pass through 
common openings, and equipment where the main flows 
of liquid and vapour are separated. Finally there are 
mechanical means such as those which produce sprays by 
means of rotating discs. 

Dealing with each type in turn, the report notes that 
very little has been published upon the performance of 
packed distillation columns greater than 12 in. in diameter. 
Correlations based upon industrial columns are required. 

In the case of plate-type devices, while the permissible 
loading of a plate can be accurately calculated, at the 
time this report was written no accurate method of calcu- 
lating its efficiency was in existence. In the case of the so- 
called intermediate devices, which includes turbogrids, 
Kittel plates, ripple trays and so on, which are generally 
of patented design, a great deal needs to be done before 
their respective merits can be properly appreciated. The 
potential value of these devices lies in their economy of 
construction; but it is necessary to establish with a par- 
ticular model whether the absence of an appreciable con- 
centration gradient at right angles to the vapour flow is 
more than compensated for by the cheapness of construc- 
tion. The field for the mechanical devices is a somewhat 
limited one, such as low-pressure distillations requiring 
very low pressure losses combined with good contacting 
and research upon them was not recommended. 

For the control of a distillation column, in order to have 
a stable control system a means is needed for predicting 
the response of a column to a transient disturbance such 
as a change in feed composition. It would then be pos- 
sible to devise the most effective control loop for a given 
distillation, to assess mechanical designs and to compare 
the response characteristics of various contacting devices. 
Published work on the subject has been restricted to plate- 
type columns and theory and practice have not always 
been satisfactorily correlated. Little has appeared on 
packed columns; an ‘interesting~point deserving investiga- 
tion is the effect of heat storage’capacity of the packings 
upon heat transfer, following upon a disturbance. 

For control of quality, instruments are required which 
measure small concentrations of impurities accurately with 
stability and which can respond rapidly.amd tontinuously 
to all composition changes. Also mentioned is the control 
of batch distillation columns. 

A suggested line of research in this sphere requires 
access by university research men to industrial columns in 
order to compare the sensitivity of existing control instal- 
lations to disturbances, as well as to discover the sources 
of the ‘disturbances themselves. Also correlation of 
the performance of similar control systems could be ap- 
plied to different contacting devices in order to provide 
information on the dynamic performance of these devices. 





* Report of Distillation Panel. A.B.C.M. ond B.C.P.M.A. May, 1958. 
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A liquid mixture when allowed to evaporate, at a tempera- 
ture below its boiling point, into an inert stream of a gas 
shows a marked deviation from normal vapour pressure rela- 
tionships under boiling conditions. The phenomenon is known 
to be due to the fact that under non-boiling conditions the 
process of evaporation is controlled by the relative rates of 
diffusion of the components of the mixture through the gas 
film. The correct estimation of transfer rates in such a process 
is therefore a greatly complicated matter. 

For a binary mixture, GILLILAND' derived two simultaneous 
equations from which the relative diffusional rates can be 
determined. The equations require, however, the application 
of a tedious “trial and error” method, and are therefore incon- 
venient in technical calculations. Using the simplifying assump- 
tion, that the relative effects of components in a mixture on the 
individual transfer rates are sufficiently small to be ignored, 
Lewts* suggested an approximate relation for a binary mixture 
exposed to a turbulent stream of vapour-free air. The relation 
states that the molal rates of diffusion are proportional to the 
equilibrium partial pressures and approximately to the square 
root of their diffusivities. In a more recent work, CiBoROWsKI’ 
has shown that Lewis's relation can be more accurately pre- 
sented in the following form: 


m 8 tt y Bay 
Ne Pep Dac 
where N = transfer rate, moles/(hr) (sq.ft), or any 
consistent units; 
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P = equilibrium partial pressure, or any consis- 
tent units; 
D = diffusional coefficient, in any consistent 
units; and 
A, B and C = subscripts, referring to the two liquid com- 
ponents and the inert gas respectively. 
The equation has been used in the construction of the align- 
ment chart below. The deviation from the origanl GrLLILAND 
equation has been proved not to exceed +2% for benzene- 
toluene-air system. The equation when used simultaneously 
with one of the simpler GILLILAND equations enables the 
individual transfer rates to be calculated. 


Example: 
P, = 40mm Hg 
Ps = 7mm Hg 
Dac = 0.082 cm*/sec. 
Due = 0.21 cm*/sec. 
af eS x [<< ee am 3.36 
Ne 7 0.21 See a 


This is in close agreement with the value obtained from the 
chart, as indicated by the arrowed lines. 
REFERENCES 

* Gilliland, E. R. Ind. Eng. Chem., 1934, 26, 516. 


* Lewis, W. K. Ind. Eng. Chem., 1935, 27, 1395. 
* Ciborowski, J., and Bylanda, J. Przemysl Chemiczny, 1958, 7, 516-9. 


* Published by courtesy of Przemysl Chemiczny. 
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CHEMICO, one of the largest chemical engineering 
organizations in the world, has grown up with Sulfuric 
Acid plants. We have built over 200 plants having an 
annual total output of over 7,000,000 tons which is 
approximately 30% of the world production from contact 
plants. We also manufacture and supply our own Sulfuric 
Acid catalyst. In the Sulfuric Acid field our experience is 
vast and worldwide, so when you think of Sulfuric Acid 
think of CHEMICO. 





BCE 5464 for further information 


When you take the plunge 
into a new plant construc- 
tion program you couldn’t 
do better than get immersed 
in our new bulletin B.359 
Sent speedily on request. 


CGHEMICO 


CHEMICAL CONSTRUCTION(G.B.) LTD.,9 HENRIETTA PLACE, LONDON,W.1 
Langham6571 
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Vapour Phase 
Reflux Regulator 


IN LABORATORY and pilot-plant dis- 
tillation with small product streams 
it is often desirable to have a well- 
regulated reflux stream. The regula- 
tion of the reflux ratio can be ac- 
complished more accurately in the 
vapour phase than in the liquid phase. 
A vapour phase reflux regulator has 
been developed such that normal 
metal flanges (for example, Quickfit 
flanges) can be used for connections 
to standard equipment. The construc- 
tion has been carried out in hard 
glass and has a bottom flange of 2 in. 
for connection to a 2-in. distillation 
column. The details given below are 
illustrated in the accompanying dia- 
gram. The regulator has been sup- 
plied with three other openings: a 
l-in. opening for connection with a 
thermometer pocket; a l-in. opening 
for connection to a product cooler; 
and a I-in. opening for use as a vent. 
The inner part of the apparatus con- 
sists of a cooling spiral and a hollow 
glass tube which can be vertically 
moved in the centre of the spiral. 


In the upper part of the glass tube 
a soft iron rod has been inserted. 
The rod can be attracted by an 
electro magnet, which is operated by 
an electronic reflux ratio device (300 
volt, 0.1 amp.). Small glass knobs 
have been connected to the upper 
part of the moving glass tube to pro- 
mote good support in the upper sec- 
tion, which can be removed from the 
whole apparatus, to which it is con- 
nected as a normal joint and fixed by 
small springs. The lower part of the 
vertically movable glass tube consists 
of a cone (A). Dependent on the 
operation of the magnet, two situa- 
tions exist: 

(1) The iron rod in the glass tube 
is not attracted: cone A rests 
on the opening of tube C. The 
rising vapour from the distilla- 
tion column enters the con- 
denser and is refluxed in the 
column (total reflux). 

(2) The iron rod is attracted. The 
glass tube is lifted until the 
upper side of cone A fits into 
opening B. The entrance to the 
condenser is now closed. The 
vapour is forced to enter tube 
C and is condensed by a pro- 
duct condenser (reflux = 0). 

Cone A, as well as openings B and 
C, has been polished to promote cor- 
rect enclosure of the passages. With 
the electronic device any desired 
reflux ratio can now be installed. The 
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closing time of opening B should be 
small in order to obtain minimum 
disturbance of the column, In general, 
product times of | sec. to a maximum 
of 4 sec. are suitable. The method 
described above requires a minimum 
of supervision, is reproducible, and 
the apparatus permits working at 
reduced pressure. The independence 
of reflux ratio of the vapour load 
over a wide range is an additional 
advantage. 
P. J. BAKKER 


A Packed Cooler Absorber Tower 
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A PACKED COOLER ABSORBER TOWER 





THE USE OF PACKED TOWERS in gas 
absorption and water and gas cooling 
suffers from some limitations. Thus it 
is always difficult to operate at any- 
thing other than atmospheric pressure 
and temperature; distribution is always 
a problem, particularly in the larger 
diameter towers and, finally, in order 
to provide a packing with maximum 
surface area per unit volume, a unit 
packing results which is complicated 
in manufacture and virtually impos- 
sible to clean. 

The accompanying diagram shows a 
cooler absorber constructed to over- 
come some of these difficulties. 
Basically, it is a vertical waste-heat 
boiler, but with the fire tubes packed 
with a special type of packing. This 
is a grid packing, easy to fabricate in 
any material, and, more important, 
which can be easily taken down for 


cleaning. Each tube has its own gas 
and liquor supply so that no diffi- 
culties arise in distribution. Since 
the unit as a whole is merely an as- 
sembly of these units of a number 
dictated by the conditions, the per- 
formance of the whole can be ac- 
curately predicted from the perform- 
ance of a single tube. This is very 
useful in systems where the absorp- 
tion is accompanied by chemical 
reaction and where the design factors 
must be determined experimentally. 

The economic tube diameter is 6 in., 
and such a single unit in all Pyrex 
glass has been used to investigate 
experimentally such important systems 
as CO:/monoethanolamine, CO:/ 
monoethanolamine + potassium car- 
bonate, SO./gas-works ammoniacal- 
liquor with entirely satisfactory results. 

F.W.M. 
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A CENTRIFUGAL FILTER for use on 
a small pilot plant in the Research 
Department of Laporte Titanium 
Ltd. was required to handle a slurry 
of ammonium chloride in an organic 
liquid. The requirements for this 
centrifuge were not very rigid. except 
that it was essential to prevent, 
as far as possible, access of moist air. 
A further requirement was that the 
cake capacity should be about 1200 to 
1600 cu. in. Inquiries were made for 
an enclosed centrifuge to perform this 
duty, but of those available commer- 
cially none could be purchased at a 
price lower than £1000. 

An examination of the available 
mass-produced domestic machines 
showed that with a quite small 
amount of modification the Bendix 
launderette extractor could be 
adapted to perform adequately the 
function of a chemical centrifuge. 
The unit purchased was a Mark III 


A Centrifugal Filter 


extractor underdriven with a Higgs 
14-hp 1440-rpm motor. The manu- 
facturers were able to supply a stain- 
less-steel basket (in place of the usual 
copper basket). 

Modifications required to convert 
the extractor were quite small. The 
centre of the lid was cut out and 
replaced by a disc of in Perspex 
which was fitted with entries for the 
introduction of the slurry feed; the 
gap between the motor and the casing 
was closed using a rubber sheet, while 
the braking system was modified. 
This latter modification was thought 
necessary as the load of a _ basket 
filled with filter cake (33 lb.) was con- 
siderably in excess of the normal 
load (15-20 Ib.) when the unit is used 
as a “hydro-extractor”’. A resistance 
was therefore incorporated in the 
braking circuit (braking is achieved 
by the injection of a d.c. supply to 
the motor windings) and the time of 


Continuous 
Gas-sampling Device 


THIS DEVICE is capable of extracting 
a sample of gas continuously, where 
the pressure of the gas is less than 
atmospheric, e.g., flue gases or gases 
being pulled along a line by a fan. 
Sampling rates of up to 20 cu. ft per 
hour can be attained, this being par- 
ticularly valuable when the sample is 
being used for automatic control pur- 
poses, as the time lags are then kept 
to a minimum. 
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The device is shown in the accom- 
panying diagram. A is a welded steel 
vessel 6 in. in dia. X 9 in. deep, 
having an elongated neck 2 in. in dia. 
A water vacuum pump B is fixed into 
the neck by a plug and union, the 
pump being welded into the plug. The 
water entering the vacuum pump B 
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induces a vacuum which pulls the gas 
from the sampling point along the 
pipe H. The sample of gas is en- 
trained in the water jet issuing from 
the vacuum pump. On impinging on 
the bottom of the steel vessel the 
water jet releases the gas sample 
which escapes along the outlet pipe J. 

The water flows from the bottle by 
a flexible hose C and by this means 
the height of the water overflow rela- 
tive to the height of the water in the 
bottle may be varied; this permits the 
pressure of the gas sample also to be 
varied. The water from the hose 
passes into a tank D (approx. 2 ft X 
1 ft x 1 ft). The centrifugal pump E 
then delivers the water back to the 
vacuum pump B. The water is thus 
used in a closed cycle. 

F is a water-bleed valve on the 
pressure side of pump E. By adjusting 
F, the rate of water passing to the 
vacuum may be altered. This allows 
the sampling rate to be varied at will. 
Should the gas be in a dirty state and 
require cleaning, then suitable equip- 
ment could be inserted between the 
sampling point and the vacuum pump 
B. The apparatus is not confined to 
the use of water; any liquid of a com- 
paratively low viscosity may be used, 
should the sample being extracted be 
soluble in water. The idea has been 
successfully used for sampling coal 
gas continuously from the vacuum 
side of the exhauster. 

R.H.U. 








braking increased by making use of 
the timing device in the control unit 
normally used for drying (14 min.). 

This unit, which is shown in the 
accompanying illustration, has now 
been ‘operating successfully as a 
totally-enclosed batch-type centrifugal 
filter for several months and the 
motor appears to have an adequate 
reserve of power to cope with the 
rather different duty involved. The 
cost of the complete unit, including 
controls, was about £150. 

The authors wish to thank the 
directors of Laporte Titanium Ltd. 
for permission to publish this note. 

H. A. S. Bristow 
G. R. ANDREWS 





Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 
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International Nickel’s Research 

Flotation processes and the design and 
operating procedures for the Manitoba 
project were among subjects of research 
on plant improvements conducted by 
The International Nickel Co. of Canada 
Ltd. during the last financial year. Con- 
struction of an integrated pilot plant 
was begun at Port Colborne to permit 
the study of improved processes for the 
refining of metals, and the production 
rate at the iron-ore recovery plant at 
Copper Cliff was substantially increased, 
the company reports. Canadian Indus- 
tries’ new plant to produce sulphuric acid 
from the iron-ore recovery plant’s stack 
gas was placed on line, and production 
during the year, until interrupted by a 
strike, was 57,000 tons. Pilot plant of 
Texas Gulf Sulphur Co. for the study 
of elemental sulphur production from 
the stack gas has also started. 

In the United Kingdom all of the new 
high-capacity carbonyl decomposers for 
the production of nickel pellets at the 
Clydach refinery were commissioned, 
and the pressure plant was extensively 
modified to improve the efficiency of the 
production of iron and nickel powders. 
The company speaks of satisfactory 
progress in the production of very pure 
platinum metals at their Acton plant. 
Capital expenditure during the year 
amounted to $54,444,000, compared with 
$43,921,000 in 1957. This sum includes 
$10,628,000 at smelting, refining and iron 
ore plants at Copper Cliff, Port Colborne 
and Clydach. 


U.S. Pulp Developments 

A 500-ton kraft pulp and liner board 
plant is to be built for the Tennessee 
River Pulp & Paper Co. at Counce, 
Tennessee. A lump-sum contract for 
about $30 million has been placed with 
the M. W. Kellogg Co. for the engineer- 
ing and construction work, and that 
company has entered into a sub-contract 
with H. A. Simons Ltd. of Vancouver 
to assist in the design of the plant. Initial 
construction operations have started and 
the schedule calls for completion by 
January 1, 1961. 

Marathon Southern Corp. recently 
commissioned a 100,000-tons-a-year kraft 
pulp mill at Naheols, Ala., which 
operates a five-stage bleaching process 
including treatment with hydrogen per- 
oxide. This process, it is claimed, is 
more economical than the alternative 
of using two chlorine dioxide stages. 


Italian Ethylene Oxide Plant 

Plans for the construction of a plant 
to produce ethylene oxide and deriva- 
tives in Italy have been announced. The 
unit will contribute to the expanding 
activities of S.p.A. Celene, a jointly- 
owned Italian company formed in 1957 
by Union Carbide Corporation and 
Societa Edison of Milan. 

The new installation will be located 
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adjacent to Celene’s polyethylene unit 
near Prioli, Sicily. Plans call for annual 
capacity of 12,000 metric tons with pro- 
duction to commence in mid-1960. 

The expansion into ethylene oxide and 
derivatives production by Celene repre- 
sents the fourth investment by Union 
Carbide in the European petrochemicals 
field. In addition to the Sicilian poly- 
ethylene unit of Celene, a Union Car- 
bide polyethylene plant went into pro- 
duction at Grangemouth, Scotland, in 
April, 1958. Another ethylene oxide and 
derivatives plant, now under construc- 
tion in this country at Fawley, will start 
production in the last quarter of this 
year. 


More Plant for Northern Ireland 

Shell-Mex & B.P. Ltd. have announced 
that their parent companies are, in prin- 
ciple, willing to construct and operate a 
refinery in Northern Ireland subject to 
satisfactory conditions being negotiated 
with the Ministry of Commerce and 
other interested parties. Londonderry 
will be given close consideration as a 
site, but the location would depend on 
detailed investigations. The Minister of 
Commerce has promised to inform the 
Northern Ireland Parliament if and when 
negotiations are satisfactorily completed. 

Fisons Ltd. have decided to transfer 
the manufacture of their product Sanato- 
gen to Northern Ireland. The plant will 
be erected on the site of their milk pro- 
ducts factory at Coleraine, and will 
cover an area of 20,000 sq. ft. At pre- 
sent the product is manufactured at 
Loughborough, Leics., but supplies of 
milk in the area are insufficient for the 
company’s needs. The plant will be 
transferred in two stages and it is 
expected that by 1960 the Coleraine in- 
stallation will be in full production. 


Chemico Organization Record 
The recent completion of a 150-ton/ 
day ammonia plant for Coastal Chemical 
Corporation at Pascagoula, Mississippi, 
has been announced. During 1958 the 
number of Chemico ammonia plants 
completed, under construction or under 
contract totalled 12 (five plants in North 
America, four in Japan, two in France 
and one in East Pakistan). This record 
is all the more significant when one con- 
siders that these plants account for per- 
haps 80% of all the ammonia expansion 
taking place in the entire world during 
this period. Chemical Construction 
(G.B.) Ltd announce another member 
of the Chemico family has been formed, 

Chemical Construction (France) Ltd. 


Czech Chemicals 
According to J, Puick, Czech Minis- 
ter of the Chemical Industry, Russian 
crude-oil imports are to form the basis 
of new Czech chemical branches. The 
chemical industry is scheduled to grow 
faster than any other Czech industry 


during the next six years—by 150% 
compared with a total industrial increase 
of 95%. Plastics output is expected to 
increase four times and the production 
of 90,000 tons a year of man-made 
fibres is planned by 1965. 


India Rubber 


India’s rubber production has risen by 
approximately 66% in the last ten years. 
Production was 15,422 tons in 1948, 
which rose to 24,348 tons in 1958. Con- 
sumption of raw rubber also went up to 
34,755 tons in 1958 from 19,719 tons in 
1948. India’s indigenous production has 
to be augmented by importing natural 
and synthetic rubbers to meet the re- 
quirements of her industry. About 
11,878 tons of raw rubber and 3,523 tons 
of synthetic rubber were imported dur- 
ing 1958. To cover the gap between pro- 
duction and consumption in a sufficiently 
short period of time, there is a proposal 
to set up a synthetic plant at an esti- 
mated cost of Rs 150 million (£11.25 
million) with a capacity of 20,000 tons a 
year. It is likely that the contract for this 
plant will go to America as a team of 
experts from a leading U.S. firm visited 
India recently in connection with the 
setting up of the plant and undertook 
the investigation. 


Plants Worth £A40 Million 

The President of the Standard Vacuum 
Oil Co., Mr. Prioleau, has forecast a big 
future in Australia for secondary 
industries using petroleum products in 
manufacturing processes. In Australia 
recently to discuss his company’s plans 
to build a large petrochemical plant in 
the Melbourne suburb of Altona and a 
refinery in Adelaide, he said that the 
two plants would cost nearly £A40 
million. This would bring the company’s 
total investment in Australia to £110 
million—its biggest single investment. 


Reichhold Plastics Division 

Reichhold Chemicals Inc., U.S.A., will 
form a new division for the manufacture 
of plastic moulding compounds. Pro- 
ducts will include a complete line of 
widely-used plastics of both thermo- 
setting and thermoplastic types such as 
phenol formaldehyde, urea formalde- 
hyde, melamine formaldehyde, poly- 
styrene, polyvinyl chloride, polyethylene 
and many others. A five-year programme 
is planned in which production facilities 
will be located in various parts of the 
country convenient to large industrial 
users of plastic moulding compounds. 
The new division will consist of two 
separate sections, one for the thermo- 
setting compounds and one for the 
thermoplastic compounds. 


Indonesia National Cement 

The Indonesian Government is plan- 
ning to build a gypsum plant in East 
Java with an output of 36,000 metric 
tons a year. The basic minerals are 
stated to be found in the crater of 
Mount Idjen. The national cement fac- 
tories need 13,000 metric tons of the 
product annually. 


British Chemical Engineering 


























BCE 5465 for further information 


















The earliest chemical industry 





Naturally occurring alum has been used by mankind for over 4,000 years. 

The ancient Egyptians used alum for fixing dyes or mordanting, but this was 
only the first of many applications. Later it found use in medicines, in tanning, 
and in the treatment of parchment. Eventually it was realised that such 
treatment of parchment facilitated the application of ink and pigment, 


anticipating the present-day use of alum in the sizing of paper. 


PETER SPENCE & SONS LTD.. WIDNES, LANCS. 
Also at London, Bristol and Glasgow. 
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Book Reviews 





Crushing and Grinding, a Bibliography 
D.S.1.R., London, Her Majesty's Stationery 
Office, 1958, 425 pp., 35s. 

HE main object of this book is the 

collection of research information on 
the subjects of crushing and grinding, 
while particle size determination and 
classification are included as directly 
associated subjects. The need for collec- 
tion and interpretation of this material 
was originally mentioned in the Report 
of the Committee on Chemical Engineer- 
ing Research (H.M.S.O., 1951). One of 
the results of that report was that the 
planning of this work was taken in hand 
by a committee on behalf of the Depart- 
ment of Scientific and Industrial 
Research. The reason was obvious—lack 
of textbooks and of sufficiently compre- 
hensive literature surveys. 

The information collected can be 
found in over 2800 literature references. 
It is preceded by an introductory section 
comprising short reviews of the various 
ways of grinding and their use in 
industry. As is well known, the literature 
on these subjects is only incompletely 
abstracted. It is therefore practically im- 
possible for anyone to have a complete 
knowledge of what has been published. 
Thus, the mere fact that this book exists 
makes it invaluable to many people. 
Moreover, the abstracts have been given 
in sections: fundamental aspects; crush- 
ing and grinding practice; crushing and 
grinding equipment; coarse reduction; 
fine reduction; non-mechanical methods; 
materials; methods of particle size and 
surface area determination; classification; 
dust and fire hazards. This breakdown of 
the subjects makes entries that are un- 
known to the reader easily accessible. 

It is probably impossible to have an 
opinion on the completeness of this 
bibliography, but it can be stated that no 
papers known to this reviewer have been 
missed. An exception must, however, be 
made for a number of non-British 
doctorate theses. This does not decrease 
the value of the work in any way, since 
they are as a rule practically inaccessible, 
and the more important ones are usually 
published as papers in journals. More- 
over, they are usually not abstracted. In 
this respect it is of interest to note that 
this rule has not been followed 
rigorously for British theses. 

The “short review” given as an intro- 
duction to the bibliography consists of 
some 70 pages on the more or less well- 
known facts from the various subjects. 
This introduction is useful as a guide for 
those who are not familiar with the 
problems in the fields covered by this 
book. But the main value of the work 
is evidently the bibliography itself. 

The 2800 abstracts given are presented 
in a clear and concise way, with a mini- 
mum, but indispensable amount of cross- 
reference, and are beyond doubt an 
invaluable contribution to the distribu- 
tion of present-day knowledge on the 
subjects dealt with. The only minor 
reservation is that no mention has been 
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made of the date-limits of the period over 
which papers have been abstracted. 
Nevertheless, there is every reason to 
suppose that this book will be of great 
use to those who are directly or in- 
directly dealing with crushing and 
grinding. 
J. NUMAN. 


Theory of Stability of Motion 

by I. G. Malkin 

AEC-tr-3352 Physics and Mathematics Trans- 
lation Series, United States Atomic Energy 
Commission, 456 pp., $4 75 cents. 

Translated from a publication of the State 
Publishing House of Technical-Theoretical Lit- 
erature, Moscow-Leningrad, 1952. [(Received 
1959.) 

HE introduction to this extension by 

MALKIN of an earlier work by 
CHETAEFF suggests that this volume is 
primarily intended for the practical tech- 
nologist giving, in addition to a 
systematic exposition of theoretical tech- 
niques, illustrative solutions of specific 
problems. Undoubtedly much of the 
work is of considerable importance to 
the engineer working in the field of con- 
trol systems, but the content, approach 
and layout appear to be appropriate to 
the work of the applied mathematician 
rather than, say, the practising chemical 
engineer. Unfortunately the classes of 
problem under consideration are usually 
stated in analytical terms and such an 
epsilonology approach may usually be 
guaranteed to deter even the boldest of 
non-specialists. Particularly is this the 
case when a clear statement of a simple 
illustrative problem before each section 
of theory would clarify and elucidate the 
class of problems under investigation. 

The clarity and accuracy of the 
original work appears to have suffered 
somewhat in the process of translation. 
For example, in the definition of 
stabilised motion on page 9 the original 
word “stabilised” is mistranslated as 
“stable” at its very first appearance in 
the text; this may lead to confusion at 
the outset. 

It is regrettable that little mention is 
made of the substantial contributions by 
writers in this country and the U.S.A. 
to the theory of stability and non-linear 
equations. 

C. PLUMPTON 


SHORTER NOTICES 


Kern-Wissenschaft und Technik 
Volume 30, Dechema Monographs. Verlag 
Chemie G.m.b.H. Weinheim, 260 pp., DM 30 
or DM 24 for members of Dechema. 

Tue volume contains the full text, or 
an amplified version, of 15 papers on the 
theme “Nuclear Science and Technology” 
which were read at the European Con- 
gress of Chemical Engineering, 1958, in 
Frankfurt am Main. The subjects dis- 
cussed include the development and 
modification of fuel elements, instrumen- 
tation and reactors. Abstracts in English 
and French as well as a subject index 
are included. 





Solid Propellent and Exothermic Com- 
positions 

by James Taylor 

Geo. Newnes Ltd., London, 1959, 153 pp., 25s. 


Tuts book gives a picture of the wide 
range of chemical compositions which 
have been developed as sources of energy 
for various applications. The material is 
largely derived from work which has 
been carried out in the Nobel Division 
Laboratories of Imperial Chemical 
Indusiries over the last thirty years, but 
is supplemented by information from 
other published work. 


Chemistry of Nuclear Power 
by J. K. Dawson and G, Long 
Geo. Newnes, London, 1959, 208 pp., 30s. 

IN THE FIELD of atomic energy spec- 
tacular results have been achieved by 
the combined efforts of scientists and 
engineers of many kinds. The purpose of 
this book is to describe chemists’ con- 
tribution to the overall programme. 
Opening with a general survey of the role 
of the chemist in this industry, it goes 
on to discuss treatment of raw materials, 
fission and fission products and the pro- 
cesses for their separation. Brief opening 
statements of general principles of re- 
actors lead into sections giving special 
attention to their chemical problems. 

There has been wide public concern 
about safe disposal of radioactive wastes. 
A description of present methods is 
followed by examination of the problems 
to be faced in an expanding nuclear 
energy programme and developments 
planned particularly to meet the esti- 
mated accumulation of long-lived fission 
product activity. Future applications of 
atomic energy will include attempts to 
use radiation for industrial purposes— 
among them promotion of reaction and 
process heating. This ground also is 
covered, with some cost estimates. 

In all, a valuable and interesting broad 
view of the subject is given here from 
an authoritative source and blessed with 
the approval of Dr. R. Spence, Chief 
Chemist of A.E.R.E. 

LB. 
Teaching Mathematics in Secondary 
Schools 
Ministry of Education Pamphlet No 36. H.M.S.O., 
1958, 154 pp., 6s. 

THE EMPHASIS in this pamphlet is on 
the secondary stage of mathematical 
education. Leavened with amusing and 
interesting quotations, it deals briefly 
with historical questions, then cautiously 
explains that it suggests only principles— 
not methods—for teaching. It deals with 
primary schools (briefly), the syllabus 
at the secondary stage and the sixth 
forms. Mathematics for ordinary pupils 
receives consideration and also methods 
of relating the study to that of other 
school subjects. With many examples, 
the essential idea promoted is to present 
this as a branch of human culture, having 
strong links with social history, art, 
literature and philosophy, to exhibit it as 
a subject which is the result of natural 
human curiosity about numbers and 
space, and a subject of great utility. A 
genuinely thought-provoking booklet. 

1B. 


British Chemical Engineering 









i 
Hl 










































BCE 5466 for further information 
Stainiess 
Steel ... 


tanks, coils and pipework 


7 enkinsons 





+ REE 


Complete 
pipework 
installation in 
Stainless Steel 
fabricated and erected 
on site by JENKINSONS. 


Also fabricated and 
erected on site by JENKINSONS, 

Stainless Steel ducting 9ins and 18ins dia. 
with special smooth finish both internally, to 
minimise friction losses, and externally, to 
improve corrosion resistance. 


W. G. JENKINSON LTD. 


ARUNDEL STREET; SHEFFIELD I. 
Phone 27438/9 


June, 1959 
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The human heart is tougher than you think. In South 
Africa a few years ago, a knife penetrated the right 
auricle of a man’s heart—yet he lived. No wonder they call 
the heart the miracle pump of Nature. In a less 
dramatic degree there is the robustness of the pumps 
that we produce—for example, the Metripump 
type ‘G’. It not only incorporates many unique features of 
design, it can also be supplied with special motors, remote 
stroke variation, automatic speed variation, etc. 
And what a fine endurance record our Metering Pumps 
possess. Many of them have been working smoothly without 
complaint for over 20 years—often in the most 
atrocious climatic conditions. Behind every 
Metering Pump we produce is a first-class After-Sales 
service; and here’s something else to remember; all our 
Sales Representatives are qualified to service any 
pump we produce. Ask us for Publication 111. 


Metering ¢ 
PUMPS / 
Limmitec! 


Telegrams: Metripumps, London, W.5. 
Cables: Metripumps, London. 
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Portable Hydraulic Test Set 

The Madan portable hydraulic test set 
needs only to be connected to a com- 
pressed air line as a source of power for 
operation, but on isolated sites it may 
be operated from nitrogen or compressed 
air bottles. The pump works on the 
principle that the air pressure applied to 
a large air piston imparts a thrust to a 
hydraulic ram of smaller area and creates 
a high hydraulic pressure. An air supply 
of not more than 100psi is required 
and an air-pressure regulator control 
valve is incorporated which enables inter- 
mediate pressures within the range of the 
pump to be accurately determined. The 
operator may safely leave the equipment 
under test, as the desired test pressure 
is never exceeded. On reaching the neces- 
sary pressure the pump becomes dormant 
on a closed circuit, using no further air. 
Should there be intermittent leakage 
from the component or circuit under test, 
the pump will move automatically until 
the loss is made up. The set is fitted in 
a moulded glass-fibre case which, when 
inverted, becomes a 5-gallon reservoir 
supplying the pump. The set’s Madan 
junior Airhydropump, in its six models, 
covers the pressure range 50-10,000 psi. 
All of the models are readily fitted. 
Charles S. Madan & Co. Ltd., Vortex 

Works, Broadheath, Altrincham. 
BCE 5530 for further information 


Fiuon Seated Gate Valve 

Mistrust of the ordinary gate valve, 
common among most plant engineers, 
is shown in the wide use of the double 
block and bleed system. Through the use 
of Fluon, this mistrust need not persist, 
since Joshua Hindle has just introduced 
a new type of gate valve which is free 
from the common fault of the ordinary 
gate valve, the failure to give a reliable 
dead-tight shut-off. In addition to the 
metal-to-metal contact of the wedge, this 
new design incorporates a pair of Fluon 
packing seals which press dead tight 
against the wedge, forming an impassable 
seal. The Fluon seals are completely con- 
tained with their seating faces standing 
sufficiently proud of the metal seat so as 
to ensure ample compression of the 
Fluon when the valve is closed. 

Alterations in the angular and distance 





relationships of the two seat faces due 
to line stresses and varying pressure and 
temperature conditions occur in all con- 
ventional gate valves, but in the case of 
this valve any such movement is 
absorbed by the Fluon rings and the 
valve remains sealed. As a check, the 
bonnet is tapped and plugged, permitting 
the installation of a tell-tale bleeder, an 
arrangement which, incidentally, gives 
visible proof that the valve seals posi- 
tively on the upstream face. 

The seal rings, likewise the internal 
sleeves with which the valves are fitted, 
can be replaced readily, and this is 
equivalent to providing a completely new 
bore to the valve. This avoids frequent 
replacement which often is the case with 
normal gate valves handling corrosive 
materials. 

The valves are available in six main 
types, and in two ranges of sizes of 4 in. 
to 6in. for stainless-steel valves and 
I4in. to 16in. for carbon-steel valves. 
In the stainless-steel valves all parts in 
contact with the materials being handled 
are in 18/8/Mo alloy. Joshua Hindle & 
Sons Ltd., Hindle House, Leeds, 1. 

BCE 5531 for further information 


Compact Belt Conveyor Drive 
Produced in nine sizes to accom- 
modate powers from {4 to 30hp is a 
series of motorised conveyor pulleys 
recently announced by Crofts of Brad- 
ford. Such drives have the advantages 
over the indirect type of drive of greater 
safety, saving in floor space, allowing 
other machines to be installed close-up 
to the conveyor head, freedom from 
damage from dust and dirt, and easier 
maintenance. These units are designed to 
allow gear ratios to be changed with 
ease if a change in belt speed is desired. 
Further, a roller backstop can be fitted 
to prevent damage if a loaded conveyor 
accidentally reverses on current-failure. 
Pulley diameters vary from 6 to 30 in., 
pulley widths range from 15 to 52 in., and 
belt speeds of 66fpm to 520fpm can 
be provided. Apart from the standard 
range of motorised pulleys, heavy-duty 
units may be supplied where high shock 
loads and excessive vibrations are 
present. Crofts (Engineers) Ltd., Brad- 
ford, 3. 
BCE 5532 for further information 


Anodised Aluminium 

Techniques recently developed by the 
Tyne Chemical Co. Ltd. enable the com- 
pany to produce continuously anodised 
foil and strip from, for example, 
0.002in. thick aluminium foil or 
0.006 in. strip in widths of up to 12 in. 
and lengths of 1000 yards. The electro- 
chemical anodising process thickens the 
natural layer of oxide from the inside 
of the film by passing a current in an 
acid electrolyte using the aluminium as 
the anode. Sulphuric, chromic, oxalic, 





boric and phosphoric acids are used in 
various processes to produce the required 
results. The corrosive resistance of the 
anodic film varies with the alloys on 
which it is being produced, and the 
anodising process, it is claimed, does not 
alter the mechanical properties of the 
aluminium. Tyne Chemical Co. Ltd., 
River Drive, South Shields. 

BCE 5533 for further information 


High-pressure Pump 





The “Hydraflo” high-pressure recipro- 
cating pump by Tangyes has an output 
of 1000 gal./hr at 1500 psi or 500 gal./ 
hr at 3000 psi. It is streamlined, lighter 
and smaller than the old-fashioned pump 
using a crankshaft, connecting rods and 
reduction gears. Operation is by hy- 
draulic transmission. An electric motor is 
directly coupled to a high-speed oil 
pump. Oil is drawn through a suction 
strainer and delivered to a sequence 
valve which controls the flow of oil to 
either end of the driving cylinder. The 
oil piston assembly thus reciprocates 
and, being integral with the one water 
cylinder, pumping is achieved. Never- 
theless, the smoothness of its delivery 
characteristic curve is equivalent to a 
conventional multi-cylinder pump. Of 
particular interest to chemical engineers 
is the prevention of mixing of transmis- 
sion oil and the fluid being pumped 
through the elimination of a common 
seal. The transmission is protected’ 
against: (1) overload—an automatic un- 
loader valve comes into operation just 
above normal pressure, thus allowing the 
pump to idle and obviating continual 
blowing through the relief valve with 
attendant wear. The pump automatically 
restarts when pressure becomes normal; 
and (2) overheating—prevented over 
long periods by a thermal unloading 
valve. Heat is normally removed by an 
oil cooler. These pumps have been 
vigorously tested by the Coal Board in 
high-pressure infusion tests. Tangyes 
Ltd., Smethwick, Birmingham. 

BCE 5534 for further information 
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centrifuges includes all these 


New Sharples 
Cuper-D-Canters 


The Sharples range of continuous centrifuges not only 
includes machines of every type but a full range of 
models of each type. 

Take for instance the Super-D-Canter type scroll 
discharge centrifuge which is widely used for centrifugal 
filtration of crystalline and amorphous solids from 
slurries. There are no less than 8 basic models. 


P.400 Laboratory Scale Super-D-Canter—4” diameter 
conical bowl; maximum centrifugal force 2,100 x G. 

P.600 A new Pilot Plant Scale Super-D-Canter—6” diameter 
cylindrical/conical bowl; maximum centrifugal force 3,150 x G. 


P.§000 Full Scale Super-D-Canter—14” diameter conical 
bowl; maximum centrifugal force 2,100 x G; especially suit- 
able for handling crystalline materials where good washing is 
required. 


P.2000 Full Scale Super-D-Canter—14” diameter cylindrical 
bowl; maximum centrifugal force 2,100 x G. 

P.2000-HS High Clarifying Capacity Super-D-Canter; 
14” cylindrical/conical bowl; maximum centrifugal force 
3,200 x G; especially suitable for handling fine solids. 


P.3000 A new high liquid throughput Super-D-Canter; 
cylindrical/conical bowl; maximum centrifugal force 3,200 
x G; especially suitable where high throughput of slurries at 
relatively low solids content have to be handled. 


P.4000 A new vertical type Super-D-Canter; cylindrical/ 
conical bowl; maximum centrifugal force 3,200 x G; especially 
suitable for pressurised operation up to 150 p.s.i.g. at high 
liquid throughputs. 


P.7000 Another new vertical Super-D-Canter suitable for 
very large solids throughput; maximum centrifugal force 
1,700 x G; available for pressurised operation up to 150 p.s.i.g. 


For each of these models there are detailed specifications 
for condition of operation such as for vacuum or pres- 
sure, for low temperature, for special rinse requirements, 
for construction in various materials, etc. 

Send for Bulletin No. 1258BM-—Sharples Complete 
Line of Centrifuges. 


SHARPLES 


SHARPLES CENTRIFUGES LTD., TOWER WORKS, DOMAN ROAD, 


CAMBERLEY, SURREY. Telephone: Camberley 2601 





June, 1959 


The world’s biggest range of 
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Automatic Sulphur Dioxide Recorder 

In the sulphur dioxide recorder 
designed at the Central Electricity 
Authority Research Laboratories, air is 
continuously passed through a 28-in. 
glass absorber column, where it is 
brought into contact with a weak hydro- 
gen peroxide reagent solution to form 
sulphuric acid, thereby increasing the 
conductivity of the resultant solution 
passing from the bottom of the column. 
The conductivity of this solution is 
measured by means of a special conduc- 
tivity cell connected in a bridge circuit 
containing the recording microammeter 
and a standard source of e.m.f. 

Thus the reading of the recording 
microammeter is a measure of the change 
in the resistivity of the reagent solution: 
a straightforward calibration curve gives 
absolute values of SO, in parts per hun- 
dred million. The commercial instrument 
based on this design has a range of 0 to 
80 pphm, but this can be extended. 
Sensitivity is +1 pphm and accuracy 
+2pphm maintained over many years 
without re-calibrating. The instrument 
requires zero-check every five days. 
Recording time lag is 4 to 5 minutes and 
output is available on a continuous paper 
record on 34-in. paper. (Record type 
23462/2.) The instrument is 4 ft 4 in. high 
xX 2 ft wide x 1 ft 9 in. deep and weighs 
336 Ib. (153 hg.). The normal power rating 
is 200-240 volts A.C., 50 cps, 300 watts, 
but a 110-volt model is available to 
order. Mervyn Instruments, St. John’s, 
Woking, Surrey. 

BCE 5535 for further information 


Zone Melting Apparatus 

From the unit devised by the National 
Chemical Laboratory for the purification 
of organic compounds by zone melting, 
Baird & Tatlock have developed their 
zone melting apparatus. It will handle 
quantities of the order of a kilogram. 
The glass melting tube, 3 ft by 14 in., 
fitted with standard ground joints at each 
end, is held vertically on a metal stand. 
A heater, in the form of a narrow ring 
surrounding the tube, travels down- 
wards at a fixed rate of approximately 
1.3 in. per hour. The stand carries two 
adjustable micro-switches which deter- 
mine the length of the melting tube 
traversed by the heater, and a clear 
Perspex removable cover, which acts as 
a safety shield for both heater and tube. 

The material for purification is melted 
in a suitable vessel, poured into the tube 
and allowed to solidify. The heater, 
which can be adjusted from zero rating 
to a maximum of approximately 125 
watts, is set to give a molten zone with 
a temperature of 2° to 3°C above the 
melting point of the substance being 
purified; this molten zone is 1 in. to 3 
in. long, depending on the thermal pro- 
perties of the substance, and travels 
down the tube with the heater. When the 
heater reaches the lower micro-switch a 
solenoid-operated clutch engages the 
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rewind motor, which returns the heater 
quickly to the upper micro-switch, com- 
pleting one cycle. Any number of cycles 
may be run automatically, or the heater 
may be rewound manually as desired. 


The greatest length of run available 
gives a cycle of 24 hours. 

Overall size of the apparatus is 20 in. 
x 20 in. X 54 in. high, the weight is 
about 64 Ib. and the exterior is finished 
in grey stoved enamel. It is fitted with a 
4 ft 6 in. mains lead with open ends and 
is suitable for operation on 20/250 V., 
A.C., only. Baird & Tatlock (London) 
Ltd., Chadwell Heath, Essex. 

BCE 5536 for further information 


Drying by Flameless Combustion 

At the Factory Equipment Exhibition, 
Catalor Ltd. were showing working 
examples of their heating panels and a 
model of a paint stoving oven basin on 
flameless catalytic combustion. Petro- 
leum gases passing through platinum 
catalysts can combine with oxygen in the 
atmosphere at a temperature of 300- 
330°C (instead of 1925°C for propane 
and 1900°C for butane). The layer of 
burnt gas escaping from the catalyst is 
said to form an ideal source of infra-red 
radiation as a class “C” radiator; its 
radiation wavelength is in the region of 
50,000-60,000 A, that is, the range in 
which the absorption of water and paints 
is almost total. When radiating surfaces 
of this kind are in operation they 
generate CO, and steam. Therefore, a 
flame brought near such a surface is ex- 
tinguished. They do not constitute any 


danger for flammable vapours; even 
petrol, if sprayed over the radiating 
surface, evaporates without being set 
aflame. 


The radiating wall, in which the pro- 
cess takes place, consists of a metal 
basin into which the gas is let by a 
diffuser consisting of a coil tube distri- 
buting the gas uniformly. The moderate 
pressure of the gas at its point of arrival 
is sufficient to filter it through the cataly- 












tic mass. Between the diffuser and the 
catalyst there is an electric element for 
the preheating of the catalyst to the 
point when the catalytic reaction starts. 
A catalytic combustion oven is ready 
to operate within 20 minutes after a 
push button is depressed. Thermostats 
connected to the catalytic elements en- 
sure automatic admission of the gas and 
simultaneous cutting off of the preheat- 
ing electric current as soon as the 
catalysing temperature has been reached. 
In case of a break down in any of the 
radiating elements, the corresponding 
electro-magnetic valve closes automati- 
cally in order to stop the influx of gas. 
Temperature control to an accuracy of 
+5°C is achieved by means of automatic 
devices. Temperature is regular and 
uniform; life is unlimited. The catalysing 
salts are not subject to aging or 
deterioration even with chemical com- 
pounds with a sulphur base (such as 
sulphuric acid). It is claimed to be much 
cheaper than any other infra-red oven 
and to give the most perfect combustion 
known. Cataheta Ltd., 16 Eastcheap, 

London, E.C.3. 
BCE 5537 for further information 


Air-driven Vibrator 
A steel ball which is pneumatically 
driven around a stationary, hardened 
and finish-ground, two-rail race is the 
source of the vibration in a new air- 
driven high-speed vibrator which will 
compact concrete in metal moulds and 
eliminate voids or keep materials flowing 
in bins, hoppers or chutes. It is un- 
affected by dirt, silt, wet or dirty air. By 
adjusting the air flow the vibrational 
speed can be made infinitely variable. 
The casting is supplied with fixing lugs 
to suit various applications. J. Langham 
Thompson Ltd., Bushey Heath, Herts. 
BCE 5538 for further information 


Variable Speed Drive from a.c. Supply 
The new Ajusto-Spede drive is capable 
of infinitely variable speed over a wide 
range and is designed for use with a.c. 
mains. It comprises a fixed-speed single- 
or three-phase induction motor mounted 
integrally with an eddy-current variable- 
speed coupling in one sturdy drip-proof 
housing. The motor and the coupling in- 
put member run at constant speed, while 
the speed of the output member is in- 
finitely variable. A small tachometer 
generator is built into the housing and 
the variable speed shaft extends through 
the unit so that power is available at 
either end. The overall length of the 
drive unit is approximately 154 in. and 
the diameter of the housing about 6} in. 
The controller, which is similarly com- 
pact and measures only 5 in. X 5 in. X 
64 in., may be mounted remotely from 
the drive. It comprises a_ single-valve 
electronic unit and the wiring is colour- 
coded to facilitate installation. As the 
amount of controlling current required is 
very small, low-powered components can 
be used. The circuit is designed to afford 
close control of speed even when there 
are wide changes in load. Heenan & 

Froude Ltd., Worcester. 
BCE 5539 for further information 
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Compressed Air 
at work in 
Vauxhall’s Luton 
extension 


SEVEN ATLAS COPCO AR9 COMPRESSORS are in use at Vauxhall 
Motors’ Luton factory—recently enlarged and modernised as part 
of a £36,000,000 expansion plan. These compressors supply air 
to the body fabrication shops, press shops and other departments, 
providing power for clutch movements; resetting presses ; mechan- 
ical handling; loading; welding; and mixing and spraying paint. 
In addition air is supplied for a number of pneumatic tools such 
as wrenches, grinders, drills and hoists. 


ECONOMIC INSTALLATION 

The AR9 compressors were installed at a cost below that estimated 
for other compressors of the same capacity. The reason being that 
the AR9 occupies 25 % less floor space than is normally required 
—with consequent economies in compressor house costs. 


HIGH OUTPUT 

The Atlas Copco AR9 combines thorough reliability of perform- 
ance with unusually high output per horsepower consumed. The 
installation at Vauxhall’s has a total output of 22,540 c.f.m. 


A COMPLETE RANGE OF COMPRESSED AIR EQUIPMENT 
Atlas Copco manufactures portable and stationary compressors, rock-drilling equipment, 
loaders, pneumatic tools and paint-spraying equipment. Sold and serviced by companies or 
agents in ninety countries throughout the world. 


Stlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden 
or Atlas Copco (Great Britain) Limited, Maylands Avenue, Hemel Hempstead, Herts. 


June, 1959 
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Flame-failure Safeguard System 

A form of flame-failure safeguard and 
programmer control has been designed 
specifically for the smaller pressure-type 
gun burner for light oil and is addition- 
ally applicable to the smaller packaged 
boilers fired with light oil. The essential 
feature of this control is to provide the 
requisite short-time factors associated 
with the burning of light oil. There is a 
five-second pilot proving period, with a 
ten-second trial for ignition of the main 
flame on piloted burners. For direct 
spark ignition of main flame burners a 
five-second trial for ignition is given. The 
control provides for adequate pre-purge 
and post-purge arrangements, so as to 
give maximum safety during both light- 
off and shut-down. Catalogues E-CF21 
and E-CF33 give full information on this 
new control. 





At start up, the blower motor and pro- 
gramming timer are actuated. After a 
15-second purge of the firebox, the pilot 
valve opens and the igniter provides a 
spark to light the pilot flame. The pilot 
flame must be detected by the scanner 
within five seconds. If pilot is proved, 
the main fuel valve then opens for 15- 
second trial-for-ignition. At the end of 
trial-for-ignition, pilot valve closes and 
igniter is de-energized. This ends the 
start-up cycle. The burner then continues 
firing under constant supervision of the 
Fireye scanner. 

Shutdown cycle is as follows: when 
the operating control opens, breaking the 
circuit, the main fuel valve closes and 
the timer starts up again to control the 
post-purge period of 15 seconds. The 
burner-blower then shuts off and the 
programming timer stops. This is the 
end of the shutdown cycle. Fireye Con- 
trols Co. Ltd., 14 Fetter Lane, London, 
E.C.4, 

BCE 5540 for further information 


Diesel-smoke Meter 
For accurately and quickly measuring 
the density of diesel exhaust smoke, 
Leslie Hartridge have developed an 
instrument originally elaborated by the 
research laboratories of the British 
Petroleum Co. The instrument, the 


Smokemeter, is portable and has been 
designed 


to provide an _ instantaneous 
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reading of smoke density on a 0-100 
scale. It will operate on slow- and high- 
speed engines of all sizes and it can be 
used at night, the manufacturers point 
out. In principle the density of a column 
of smoke is compared with a column 
of clean air. At one end of each of the 
tubes containing the columns there is a 
12-volt, 36-watt light source, and at the 
other end a photo-electric cell. Lamp and 
cell are mounted on swinging arms so 
that they can both be moved together 
from the smoke tube to the clean air 
tube, by a control lever. The photocell 
is connected to a micro-ammeter with 
smoke density scale reading in percen- 
tage of light absorbed. A 12-volt blower 
prevents sooting of the optical surfaces. 
Leslie Hartridge Ltd., 9 Victoria Street, 
London, S.W.1. 

BCE 5541 for further information 


Slide Rule for Hydraulic Calculations 
A slide rule is available with scales for 
flow, diameter of pipe, head lost and 
length of pipe; when any three of these 
factors are known, the fourth can be 
found rapidly with the minimum of cal- 
culation. There is also a scale for deter- 
mining the velocity of flow. By means of 
a set of proportional scales on the lower 
edge of the rule, the same information 
can be calculated for pipes and sewers 
running partly full and a scale is also 
provided for ordinary multiplication and 
division. The other side of the rule is 
used for calculations of flow in open 
channels. The scales on this side are 
for velocity, hydraulic radius, slope of 
channel and Kutter’s constant ‘n’. Pater- 
son Enginereing Co. Ltd., 129 Kingsway, 

London, W.C.2. 
BCE 5542 for further information 


Induction Flowmeters 

In an induction flowmeter, a conduct- 
ing liquid passes through a strong mag- 
netic field. An emf which is directly pro- 
portional to flow velocity is induced in 
the liquid and can be detected by pick- 
up electrodes placed diametrically oppo- 
site each other and perpendicularly to 
the direction of magnetic field. Since the 
volumetric flow is directly proportional 
to flow velocity, direct calibration in 
volumetric time units (gallons or litres 
per hour) is readily achieved. In the case 
of the Altoflux flowmeter an alternating 
magnetic field is usually employed and 
therefore the resulting emf which ap- 
pears across the flowmeter electrodes is 
an A.C. one. This signal, after amplifica- 
tion, is used for indicating, recording and 
controlling. 

The main advantages are as follows: 
(a) the pipeline is completely un- 
restricted; (b) there are no moving parts; 
(c) turbulence and laminar flow of 
liquids, likewise viscosity or temperature 
changes, have no effect on its function- 
ing or accuracy; (d) slurries and pastes 
can be handled, as also liquids bearing 
solid lumps; (e) acids, alkalis or other 












chemically aggressive substances present 
no problems; (f) for large pipe diameters 
it is cheaper than orifice plate or venturi 
types of meter; (g) the output signal 
being electrical, indication, integration, 
remote reading and control are facilitated 


(electro-pneumatic converters can be 
provided where pneumatically-operated 
control systems are already installed); 
(h) the meter can readily be sterilised; 
and (i) close and sustained accuracies 
can be maintained over long periods 
without maintenance. 

The one major disadvantage of the 
meter is that it cannot handle fluids 
which are electrically non-conductive. 
the minimum conductance being 100 
micromhos per cm. cube. This, of course. 
rules out most of the hydro-carbons and 
oils. A promising field of application is 
for the flow measurement of liquid 
metals and fused salts at high tempera- 
tures. Alto Instruments (G.B.) Ltd., 
Arundel Street, London, W.C.2. 

BCE 5543 for further information 


Self-sealing Couplings 

An important advance in design of 
self-sealing couplings is announced by 
Exactor Ltd. The pressure limits under 
which the conventional type of self- 
sealing coupling can be opened or closed 
drop steeply from the usual 1000 psi or 
so, at which an }-in. nominal bore 


coupling can be coupled or uncoupled, 
down to a maximum working pressure 
for opening or closing a 1-in. coupling 
of 40 psi in the line. In the case of 
larger diameter couplings it is only pos- 
sible to open and close the couplings by 
hand with nominal pressures in the line. 





The design now developed in the pres- 
sure-balanced coupling permits, as an 
example, the manual opening and closing 
of a 3-in. coupling when the pressure in 
the line is as high as 400 psi. This means 
that it is now possible to take off fairly 
large lines from pressurised systems 
without any necessity for valving or 
shutting down the pump. The flow of 
liquid starts automatically as_ the 
coupling halves are joined and both pipe 
ends are sealed immediately on discon- 
nection of the coupling. The photograph 
shows the sectioned illustration of the 
pressure-balanced coupling. Another 
coupling announced by Exactor is a new 
self-sealing 4-in. coupling which gives 
complete and automatic sealing of both 
pipe ends when the coupling is discon- 
nected, and automatic flow immediately 
on connection. It can be coupled and 
uncoupled at line pressures up to 25 psi 
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JOBS Wales 


Drilling plastics Extrusion machine 
for cover plate fixing, with the Wolf 
}’ drill, type WD2c. 

(By courtesy of R. H. Windsor Limited.) 


The Wolf } inch heavy duty type WD2c will outdrill 
and outlast any other tool of similar capacity. 

With a phenomenal penetration speed it 

can halve your production drilling costs. 

Permanently moulded insulation in the switch handle 
ensures absolute safety under all operational conditions. 
Bench stand and other accessories available. 


ELECTRIC TOOLS 
fogs Iroee wot 


iden 4” HEAVY DUTY ELECTRIC DRILL TYPE WD2c 


i C Wolf ewok ee 


Drilling capacity in Hard Wood 


\escaamuaieneennala™ Spindle Speed on full load... 2. se es one 


%* Write today for full details of this drill and other Wolf Tools 
WOLF ELECTRIC TOOLS LTD - HANGER LANE - LONDON W55_ Telephone: PERIVALE 5631-4 
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and the closed joint is suitable for line 
pressures up to 100 psi. Intended pri- 
marily for oil burner supply lines, this 
new 4-in. coupling has, however, 
numerous applications in services where 
fluids are handled at temperatures of the 
order of a maximum of 230°F. The 
photograph shows the coupling closed 
as a complete joint, and opened with the 
pipe ends sealed against internal pressure 
and against any leakage of air under 
vacuum conditions in the line. Exactor 
Ltd., Church Way, Edgware, Middlesex. 

BCE 5544 for further information 


Venturi Gas Scrubber 

Chemical Construction (G.B.) Ltd. an- 
nounce that the completion of a licensing 
agreement now enables them to offer 
the Svenska-Flaktfabriken venturi scrub- 
ber in addition to their Pease-Anthony 
venturi and cyclonic-type scrubbers. The 
S-F venturi scrubber extends the range of 
their equipment to cover most gas-clean- 
ing problems that can be dealt with by 
wet scrubbing. One of the several proven 
advantages of this scrubber design is the 
removal of solids which, in other gas- 
cleaning equipment, have been found to 
adhere to the scrubber walls. Where 
water supplies are limited, heavy slurries 
can be recirculated and process materials 
can be recovered in concentrated form. 
Chemical Construction (G.B.) Ltd. 9 

Henrietta Place, London, W.1. 
BCE 5545 for further information 


Overwall Tong 

In conjunction with the A.E.R.E.. 
Teleflex have designed and produced an 
overwall tong to enable radioactive and 
toxic materials to be handled remotely 
and without endangering life. It is sealed, 
does not require any maintenance and 
can be used for gripping, carrying and 
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rotating. It is virtually free from back- 
lash and therefore sensitive and positive 
in action. One end of a unique flexible 
shaft is attached to an _ operating 
mechanism, and the other to a tong 
head closed by a trigger mechanism 
fitted with a fine adjustment for positive 
grip. Weight of the unit with tongs is 
6} Ib. Teleflex Products Ltd., Basildon, 
Essex. 

BCE 5546 for further information 


New Valves 

For use in applications requiring pre- 
cise control of air at pressures up to 
5000 psi, a new range of valves is now 
available in aluminium bronze billet or 
alloy steel bodies. They provide fast res- 
ponse and leak-free operation, with 
smooth, shockless opening and closing. 
Sicol sleeve-type construction, employ- 
ing a replaceable hardened stainless-steel 
seat sleeve insert in the valve body, 
maintains perfect alignment of valve 
stem and seats at all times. This range is 
available in two- and three-way body 
styles, normally open or normally closed, 
in sizes $+ in. to 3 in. It is designed for 
actuation by any applicable pneumatic 
or electronic pneumatic pilot or cycle 
controlled device, as well as for remote 
manual operation. Diaphragm operating 
pressures are 35 to 40 psi. 

For use with air or gas there are 
available manually-operated stop valves 
for working pressures up to 3000 psi and 
temperatures down to —320°F. Body 
and cover may be of stainless steel or of 
cast bronze to BSS. 1400 L.G.3.C. 
Packing consists of specially reinforced 
O rings with back-up washers protected 
by scraper rings to prevent dirt entering 
down the stem. The stem portion work- 
ing in contact with the O rings is hard 
chrome plated to reduce friction and 
prolong packer life. The valves are avail- 
able in sizes $ in. to 3 in. with screwed 
or flanged connections. For temperatures 
down to —320°F, special heat-transfer 
glands and extension spindles have been 
developed to ensure packer tightness 
and ease of valve operation. 

A range of 4-in. three-way pilot valves 
has also been announced. These valves 
are between 5 in. and 6} in. high. The 
small diaphragm area of the pilot valve 
reacts at once to a pneumatic impulse, 
and opens a full 4-in. bore. It is said to 
give good results when used in conjunc- 
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tion with pneumatic timers or small 
solenoid valves with restricted orifices. 
Hunt & Mitton Ltd., Oozells Street 
North, Birmingham, 1. 

BCE 5547 for further information 


Drum Suction Strainer 

H. T. Watson’s new suction strainer 
for attaching to the end of a suction pipe 
has been designed to pass through the 
narrow neck of a drum or other vessel, 
to provide a large straining area and to 
enable practically the whole of the con- 
tents of the vessel to be drained. The 
maximum diameter of the device is only 
1} in., and the dimensions of the cylindri- 
cal gauze strainer are 3} X I}in. The 
mesh is supplied to specification. In use, 
the contents of the vessel are drawn 
through the gauze down to the bottom 
holes on an internal suction tube and 
thence up through the outlet of the 
strainer to the pump or other suction 
equipment. When vertical the strainer 
will drain liquid to within jin. of the 
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bottom of the container, or to within 
14 in. when horizontal. Standard 
materials are brass and 18-8-3 stainless 
steel, but other materials of construction 
are available. Special sizes can be made 
to order. The strainer has been pro- 
visionally patented. H. T. Watson Ltd., 
Croft Street, Widnes. 

BCE 5548 for further information 


Plastic Finishes for Metal Surfaces 

Coatings of many common plastic 
materials including PVC, PTFE, poly- 
thene and others can be bonded to 
metals without the risk of peeling. A 
new process developed for this purpose 
also achieves a considerable reduction in 
coating porosity compared with other 
methods of coating. The process can be 
applied to metallic objects of various 
shapes, including those made from wire 
as well as intricate castings. Tempera- 
ture resistance is good enough for the 
coatings to be unaffected by boiling 
water. In addition to the materials noted 
above, nylon and PTFCE may also be 
applied by this process, which is to be 
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known as the “Plasinter Process”. The 
cost of applying the coatings, which are 
available in a range of colours, is said to 
compare favourably with other methods. 
Darlaston Galvanised Holloware Co. 
Ltd. (Plasinter Division), Holyhead 
Road, Wednesbury, Staffs. 

BCE 5549 for further information 


Anodes for Corrosion Protection 
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Galvion anodes are formed of a series 
of “bobbins” eath } in. long with a 
threaded centre stud. The “bobbins” or 
elements are screwed into each other and 
attached to a supporting plug which is 
itself screwed into the shell of the water 
space to be protected. The length of the 
assembled anode is determined by the 
number of elements used. They are 
available in three diameters having brass 
plugs with 4-in., }-in. and 1-in. B.S.P. 
tapered threads. There are two standard 
assemblies of three and six high purity 


zinc elements; other lengths may be 
assembled to particular requirements 
using spare elements. Replacement 


elements are available in boxes of 50 
and 100. F. A. Hughes & Co. Ltd., 4 
Stanhope Gate, London, W.1. 

BCE 5559 for further information 


Asbestos Ships’ Board 


Structural insulating ships’ board, 
designed originally to meet the fire pro- 
tection specification of the International 
Convention for Safety of Life at Sea, 
1948, and the Merchant Shipping (Con- 
struction) Rules, 1952, has many indus- 
trial applications due to its fire and 
thermal insulation properties. “Turnall” 
board, a combination of asbestos fibre, 
hydrated lime and silica, has recently 
been tested and the following notes are 
reproduced from Report No. 674/58 of 
the Industrial Gas Development Com- 
mittee of the Gas Council based on in- 
formation supplied by the North Thames 
Gas Board. The sample showed better 
thermal insulation than that claimed by 
the manufacturers. After heating for 40 
hours at 800°F, a sample 6 in. X 3 in. 
x 1 in. showed a total contraction in 
length of 0.037 in. or 0.596%. 

A piece of ships’ board was immersed 
in water for five hours, after which its 
condition was still sound and its surface 
apparently unchanged in hardness. It 
did, however, increase its weight con- 
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siderably by the absorption of water, 
and the time taken for the sample to dry 
out to its original weight when exposed 
to normal laboratory atmosphere was 
20 days. 

It was found that the material pre- 
sented no difficulty in respect of sawing, 
filing and drilling with normal hand 
tools. Tests were carried out with a vir- 
gin sample to ascertain its screw-holding 
qualities. Using a }-in. size 8 Parker 
Kalon hardened self-tapping screw, Type 
“A”, in a hole drilled size No. 30 Morse, 
the load required to pull the screw from 
the sample was 144 lb. A sample measur- 
ing 27 in. X 20 in. X 1 in. thick, and 
supported only at its four edges, was 
installed in a horizontal radiant heater. 
The sampte formed the roof of the com- 
bustion chamber, the floor of which con- 
sisted of a mild-steel radiating panel. A 
stream of hot products of combustion 
flowed horizontally from the burner 
between the sample and the panel to a 
flue outlet at the opposite side. The tem- 
perature of the centre of the mild-steel 
radiating panel was maintained con- 
tinuously at 690°F for a total period of 
approximately 4460 hours. The tempera- 
ture of the sample was not measured, 
but areas about the burner were observed 
to have reached red heat. 

Periodical inspections of the sample 
were made in situ and there was no ap- 
parent deterioration. At the termination 
of the test the sample was carefully 
removed from the heater. It was ob- 
served that there was a number of fine 
hair cracks along the burner side of the 
sample. Two larger cracks which ex- 
tended the whole depth of the slab and 
across the minor axis were approxi- 
mately 14 in. and 6 in long. The frac- 
tures in the slab did not appear to 
weaken the sample. It was also observed 
that the sample had bowed approxi- 
mately by { in. Turners Asbestos Cement 
Co. Ltd., Trafford Park, Manchester, 17. 

BCE 5551 for further information 


New Publications 


Steel: Fact & Fiction. The British Iron 
and Steel Federation. London, 1959. 
This is essentially a reply by the Federa- 
tion to the case put forward in the 
pamphlet “Steel and the Nation— 
Labour’s Plan”, issued by the Labour 
Party in March, 1959. It opens by setting 
out the background to the controversy, 
then outlines the present organisation, 
the post-war record and the allega- 
tions against the industry. After discus- 
sing the consequences of nationalisation, 
a final chapter is devoted to the conclu- 
sion that the present system of organisa- 
tion provides the basis of a permanent 
settlement and that an end should be put 
to the uncertainty which has surrounded 
the idustry since 1945. There is a statis- 
tical summary covering the years 1938, 
1946 and 1953 to date. 

BCE 5552 for further information 









The Gas Council have published a 
report to illustrate successful technical 
co-operation between the Northern Gas 


Board (Tyneside Division) Industrial 
Department and the management of a 
large pharmaceutical manufacturing 
company in overcoming a _ problem 
which threatened to stop completely 
production of their main _ product, 
Epsom-salt. This solid is progressively 
dried in a double-ring dryer, where 
troubles arose due to the application of 
additional insulation upsetting tempera- 
ture distribution and resulting in higher 
and unstable temperatures. Tests con- 
ducted by the Board’s Industrial staff 
resulted in economy of 30% in gas con- 
sumption and a greater salt recovery at 
the dust filters presumed to be due to 
closer heat control. The information is 
given in Report No. 677/58 of the 
Industrial Gas Development Committee 
of the Gas Council, Grosvenor Place, 
London, S.W.1. 

BCE 5553 for further information 


Spray Equipment. To assist in the 
correct choice of spray nozzle, this book- 
let gives a general guide to droplet size 
ranges, graphs of the relation of droplet 
size to flow rates for various pressures 
and a list of common applications with 
recommended nozzle types. There are 
four basic spray characteristics avail- 
able: 1. Full cone spray—in which the 
whole volume of the spray cone is filled 
with an almost evenly distributed mass 
of spray droplets. 2. Hollow cone spray 
—in which the spray droplets are con- 
centrated in the periphery of the cone, 
leaving the centre of the cone virtually 
free of spray, particularly near the 
nozzle orifice. 3. Flat or fan spray—in 
which the spray droplets are distributed 
along a narrow band, often a_ very 
narrow elliptical pattern. 4. Air or gas 
atomised spray—in which compressed 
air, gas or steam is used to break up the 
liquid into very fine fog-like droplets. 
There is a list of nozzle characteristics 
including the area covered by the spray 
at different distances from the nozzle. 
H. T. Watson Ltd., Croft Street, Widnes, 
Lancs. 


BCE 5554 for further information 


Although titanium is at present more 
costly than conventional _ structural 
metals, there are many instances where 
its unique properties may permit 
redesign of plant equipment to reduce 
the size, and in this way such equipment 
in titanium would compare very favour- 
ably in price with that made in conven- 
tional materials. A new publication by 
L.C.I. gives examples of current uses in 
lining trunking, construction of a pilot- 
plant installation, in a drum used for 
pickling brass and copper components in 
approximately 6% v/v sulphuric acid at 
temperatures up to 70°C, in a rotary 
drier, a “Paraflow” plate-type heat ex- 
changer and for cathodic protection of a 
15,000 sq. ft. oil jetty at Thameshaven. 
LC.L. Titanium for Chemical Plant No. 
5. March, 1959. 


BCE 5555 for further information 
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Liquid assets in the shape of edible juices and industrial 
fluids, chemical solutions, oils and spirits, are too valuable 
to be wasted. They need the Stellar Filter to safeguard them, 
to render liquid loss almost negligible whilst clarifying and 
purifying. Designed to operate with supreme efficiency, the 
Stellar Filter has an unchokeable filter bed and is perfectly 
simple to control. It is remarkably economical, too, for it 
can be cleaned without dismantling or loss of liquid, and 
occupies very little ground area. 

Tell us your problem and we'll gladly advise you how and why the 
Stellar Filter will take good care of your liquid assets. 















BCE 5472 for further information 
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F.B.1. to Boost British Technology 

in New York 

The most striking demonstration of 
advances in British science, technology 
and engineering ever to have been staged 
in the New World will open in the 
Coliseum Building, New York, on June 
10, 1960. This will be combined with an 
imaginative display of Britain’s most 
famous top-quality consumer goods. The 
British Exhibition, which will last for 
two weeks, is expected to be the largest 
ever staged by one country within the 
confines of another. Sir Norman Kip- 
ping, Director-General, Federation of 
British Industries, and Mr. W. P. N. 
Edwards, a Director of F.B.I., have 
already gone to the United States to 
make preliminary arrangements for the 
exhibition. 

Many of the ideas embodied in the 
British Pavilions at the Brussels World 
Exhibition last year will be applied in 
New York, but a fresh and distinctive 
approach will be made to American 
buyers and public. A complete floor will 
be devoted to engineering products, ex- 
ports of which .to the U.S.A. have 
recently been increasing rapidly. A 
special feature showing examples of our 
precision engineering will highlight the 
superb quality of British engineering. 
Individual exhibits will include both light 
and heavy engineering products, chemi- 
cal, mechanical and electrical engineer- 
ing goods, machinery and equipment for 
all industrial purposes, plastics, chemi- 
cals, drugs and pharmaceuticals, office 
equipment, agricultural machinery, radio 
and television sets, and sections for elec- 
tronics, automation and instrumentation. 
A special section will be devoted to 
goods manufactured in North America 
under licence to British patents, licences 
and formule. 

With the exception of the British 
patented goods made under licence in 
North America, it is a condition of the 
exhibition that all products on display 
must have been manufactured or pro- 
duced within the United Kingdom. The 
New York Coliseum is recognised as a 
bonded area, and exhibits can be dis- 
played there without payment of duty, 
provided they are re-exported from the 
United States at the close of the exhibi- 
tion. Exhibits sold during the period of 
the exhibition for delivery after its close 
will, of course, carry the normal rates of 
duty. 


B.P. is 50 Years Old 

Half a century ago, on April 14, 
1909, The British Petroleum Co. was 
founded under its original name of 
Anglo-Persian Oil Co. in consequence of 
the first discovery of oil in the Middle 
East: a year previously—on May 26, 
1908—oil in commercial quantities had 
been struck at Masjid-i-Sulaiman in 
South Persia. This discovery came seven 
years after the Persian Government's 
grant of a concession in 1901 to William 
Knox D’Arcy, a Devon man who had 
made a fortune from gold mining in 
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Month’s News in Brief 


Australia. Since 1909, the company and 
its associates have grown into a world- 
wide organisation, with interests in all 
aspects of the oil industry. The name was 
changed to Anglo-Iranian Oil Co. in 
1935 and to The British Petroleum Co. 
in 1954. To commemorate B.P.’s fiftieth 
birthday, a dinner was held on April 14 
which was attended by the Chancellor 
of the Exchequer, the Rt. Hon. Derick 
Heathcoat Amory, M.P., Lord Birkett 
and Sir Neville Gass, B.P.’s Chairman. 
A history of the company, entitled “‘Ad- 
venture in Oil: the Story of British 
Petroleum”, has been written by Mr. 
Henry Longhurst and was published on 
the “birthday” by Sidgwick & Jackson 
Ltd. The foreword is by Sir Winston 
Churchill. 


C.].B. Awarded £1m. Dow Contract 

Dow Agrochemicals is to make an im- 
mediate start on a £1-million factory at 
King’s Lynn, Norfolk, for the manufac- 
ture of Dowpon, a selective weed killer. 
Production of other agricultural chemi- 
cals will start later. The engineering and 
construction contract for the Dow 
Agrochemicals plant has been awarded 
to Constructors John Brown Ltd. and 
is due for completion by mid-1960. The 
company was formed in Britain last year 
by the Dow Chemical Co. of the U.S. 
in partnership with Dr. W. E. Ripper, an 
expert on pest and weed control. 


Plastics Expansion Plans 

1.C.I. have announced that they are to 
manufacture a new polypropylene plas- 
tic (Propathene) and to commence 
marketing the new product in substantial 
quantities in June of this year. In the 
company’s annual report, plans to raise 
their polythene capacity to 90,000 tons are 
announced, which, with the addition of 
the output from the Propathene pilot- 
plant, will bring the company’s output of 
plastics up to some 100,000 tons a year. 
A third oil cracker—due to come into 
operation towards the end of this year 
—will supply the projected Propathene 
plant with its raw material—propylene. 

The Shell Chemical Co. have also 
announced that they are to commence 
commercial production of polypropylene 
at their Carrington refinery in 1961 (see 
Brit. Chem. Eng., 1959, 4, 310), and both 
Shell and LC.I. are expected to show 
samples of the new plastic at the forth- 
coming International Plastics Exhibition 
to be held at Olympia, London, June 17 
to 27. 

Union Carbide have plans to construct 
a new plant (their second) for the manu- 
facture of polyethylene resin at their 
Grangemouth works in Scotland. This 
will have an annual capacity of some 
13 million tons. The polyethylene resin 
is to be marketed by Bakelite Ltd., in 
which Union Carbide has a majority 
interest. 


News Briefs 
Nordac Ltd. have recently concluded 
a contract with V/O “Techmashimport”, 








of Moscow, for the supply to the 
U.S.S.R. of sulphuric acid concentration 
plant to the value of £90,000 The plant 
will have an output of 24 tons a day 
of 78% sulphuric acid, the starting acid 
being an effluent of about 16% sulphuric 
acid. Heat for evaporation will be sup- 
plied by combustion of heavy fuel oil. 

The Power-Gas Corp. (Australasia) 
Pty. Ltd., Australian subsidiary of The 
Power-Gas Corp. Ltd., Stockton-on-Tees, 
has received an order worth £A800,000 
for one unit of carburetted water gas 
plant from the Australian Gas Light Co. 
for their Mortlake Works, Sydney. 

Northern Aluminium Co. Ltd. an- 
nounced that it will shortly establish a 
new branch of its aluminium fabricating 
industry in New Zealand. This decision 
is the outcome of discussions held 
between the company and the New 
Zealand Government. 

The Lending Library Unit of the 
D.S.I.R. has started to collect Chinese 
scientific literature. About 150 Chinese 
periodicals are now on regular order and 
the first batch has arrived at the 
Library’s London premises. A scientist 
with a knowledge of Chinese is being 
recruited by the L.L.U. to select and 
promote use of Chinese scientific and 
technological literature. The Lending 
Library Unit in London is the nucleus 
of the new National Lending Library for 
Science and Technology, which will be 
set up at Thorp Arch, near Boston Spa, 
Yorks, in 1961. 

Howards of Ilford Ltd. announce that 
they have decided to install a phthalic 
anhydride unit at their works at Ilford. 
This unit, which will have a planned 
capacity of 3000 tons a year, will be 
based on a proved continental design 
which produces a high yield of high- 
quality material and has been operated 
successfully for a period of years. Site 
preparation is well advanced and it is 
expected that the plant will be on stream 
by the end of 1959. Part of the output 
of this plant will be utilised for Howards’ 
own captive use in the manufacture of 
their specialised phthalate esters, but a 
substantial proportion will be available 
for sale. 

The Lord President of the Council 
(Lord Hailsham) will open the new 
Warren Spring Laboratory, D.S.I.R., at 
Stevenage. on Monday, June 29, 1959. 
The new laboratory is intended to assist 
Government departments and industry 
by resources that are not available in 
any other establishment of the Depart- 
ment. It will carry out research and 
development in a wide field and will not 
be limited to particular aspects of tech- 
nology. Its initial programme will include 
work on mineral processing, the synthesis 
of oils and chemicals from  carbon- 
monoxide and hydrogen, and research 
aimed at the suppression of atmospheric 
pollution. Much of this work will be 
of a chemical engineering character and 
will require basic chemical engineering 
research to be undertaken in parallel 
with it. 
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In the manufacture of Prolite tungsten-carbide 
tools, Murex Limited use Birlec adsorption 
dryers to remove water vapour from their 
electrolytic hydrogen supply. 

The hydrogen is dried to a dew-point of minus 
70°C for use in the reduction and sintering 
furnaces and the high quality of the product 
depends on the stringent moisture control. 

Birlec moisture adsorbers are available in a range 
of standard sizes for varied industrial applications 
including the drying of compressed air and the 
dehumidification of factories and stores. 
Illustration above:— 

Birlec adsorbers for hydrogen drying. 
Illustration right:— 

Electrolytic hydrogen plant at Murex Limited. 
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A new course in Nuclear Technology 
(Chemical), to start in October, has been 
announced by Imperial College. The 
course is administered by the Depart- 
ment of Chemical Engineering under the 
supervision of the Reader in Nuclear 
Technology. A pamphlet giving details 
of the course can be obtained from the 
Registrar, Imperial College of Science 
and Technology, London, S.W.7. Appli- 
cations for admission should be made 
before June 1. 

Starting with the January, 1959, issue, 
The Chemical Society is to publish, with 
the support of the Department of Scien- 
tific and Industrial Research, a cover-to- 
cover translation of the monthly journal, 
Zhurnal neorganicheskoi Khimii, a pub- 
lication of the Academy of Sciences of 
the U.S.S.R. The sale and distribution 
of the journal will be undertaken by 
Cleaver-Hume Press Ltd., 31 Wright's 
Lane, London, W.8, from whom a 
detailed prospectus giving the scope of 
this journal may be obtained. The 
Society also hopes to start the publica- 
tion within the next year of translations 
of the Russian “Journal of Physical 
Chemistry” (Zhurnal fizicheskoi Khimii) 
and “Progress in Chemistry” (Uspekhi 
Khimii). 

Elliott-Automation Ltd. announces 
that it has formed a new subsidiary com- 
pany, The Swartwout Co. Ltd., to manu- 
facture and sell the all-electronic control 
systems developed by The Swartwout 
Co. of Cleveland, Ohio. 

The Distillers Co. Ltd. has granted to 
Servomex Controls Ltd. a licence to 
manufacture the “null balance” magnetic 
oxygen analyser which is the subject of 
D.C.L. patents. This instrument, which 
instantaneously measures the oxygen 
content of gas streams by means of the 
paramagnetic effect, has been developed 
for industrial process control and is 
already installed in a number of chemi- 
cal plants. 

Neldco Processes Ltd. has moved to 
Crossway House, Bracknell, Berks. In a 
Press notice announcing the move, the 
company state that they are at present 
engaged in the design of a new type of 
coal-cleaning plant and the development 
of an entirely new type of filter. 

Manufacturers of welding electrodes 
and equipment, Rockweld Ltd., of Croy- 
don, Surrey, are building a new factory 
at Camberley, Surrey. 

G. & J. Weir Ltd. Glasgow, have 
received an order from the Government 
of Kuwait for what, it is claimed, will be 
the largest “fresh water from sea water” 
plant in the world. The plant, of the Weir 
“Multiflash” type, consists of two units, 
each of which will produce one million 
gallons of fresh water a day—the greatest 
output ever achieved by a single flash 
distillation unit. The order is worth well 
over £4 million and was obtained in the 
face of strong international competition. 

It has been brought to our notice that 
Equation (2) in the article entitled “Air 
Pollution from Tall Chimneys” by W. 

Strauss, page 620, November 1958, should 
have been stated as: 


4.77 / Ou 
(1+0.43v/u)v ° 








We regret that in our May issue, 
p. 306, the former address of Sinex 
Engineering Co. Ltd. was published 
instead of their new one: North Feltham 
Trading Estate, Feltham, Middx. 


People in the News 


Mr. William H. McFadzean has been 
elected President of the F.B.I. for the 
coming year. He succeeds Sir Hugh 
Beaver, who has retired after holding 
office for two years. Mr. McFadzean has 
been chairman and managing director of 
British Insulated Callender’s Cables Ltd. 
since 1954. He was born in Stranraer 
and educated at Stranraer Academy and 
High School, and at Glasgow University, 
where he studied accountancy. In 1955 
he was made a Companion of the Insti- 
tute of Electrical Engineers. 


Sir Ewart Smith has retired from the 
beard of LCI. Ltd. Sir Ewart joined 
Synthetic Ammonia & Nitrates Ltd. (later 
the Billingham Division of LC.I.) in 
1923, just before the start-up of the first 
plant, and subsequently played a part in 
the major development of the huge Bil- 
lingham complex, becoming its chief 
engineer in 1932. He was seconded to 
the Ministry of Supply in 1942 to be 
Chief Engineer and Superintendent of 
Armament Design. He returned to I.C.I. 
in 1945, when he was appointed Tech- 
nical Director, was knighted for his 
wartime services in 1946, and in 1955 
was appointed deputy chairman of the 
company. 

Mr. D. J. Bird, a vice-chairman of 
Fisons Ltd., has retired from the com- 
pany after 30 years’ service. Mr. Bird, 
who is 65, has played a leading role in 
the affairs of the U.K. fertilizer industry 
during the last 30 years, and he has 
been a prominent figure in agriculture. 
During the war as Deputy Controller of 
the Fertilizer Control at the Ministry of 
Supply, he was responsible for the dis- 
tribution and price of fertilizers through- 
out the country. Later he was appointed 
Controller of Miscellaneous Chemicals 
for the Government. 


Sir Ronald W. Matthews has been 
succeeded as chairman of General 
Refractories Ltd. by Mr. R. A. Kirkby. 
Mr. Kirkby joined General Refractories 
Ltd. in 1928, becoming a director the 
following year and was appointed 
managing director in 1938. He is also 
chairman of the Refractories Division 
Committee of the British Ceramic 
Research Association, a Fellow of the 
Institute of Ceramics and a Justice of 
the Peace in Sheffield. Mr. J. Gregory, 
production director, will take up the 
position of managing director in June. 
Mr. B. Eichler, director of research, has 
been appointed to the Board. 

Mr. J. S. Brough has joined Hum- 
phreys & Glasgow Ltd., of London, from 
Monsanto Chemicals Ltd., where he was 
general manager of production. As tech- 
nical director and general manager, he 
will act as deputy to Mr. G. G. Farthing, 
deputy chairman and managing director 
of Humphreys & Glasgow. Mr. Brough 
is an associate of the Manchester Col- 
lege of Technology, a Member of the 








Institution of Chemical Engineers, the 
Institution of Mechanical Engineers and 
the Institute of Fuel. He is also a Fellow 
of the Institute of Petroleum. He will 
shortly complete a three-year term as a 
Member of Council of the Institution 
of Chemical Engineers and is chairman 
of Group A, British Conference on 
Automation and Computation. 

The Earl of Halsbury, who relinquished 
his position as managing director of the 
National Research Development Cor- 
poration at the end of March, has ac- 
cepted an invitation to become a director 
of Sondes Place Research Institute. 

Mr. D. A. Senior has been appointed 
to the newly created post of Scientific 
Attaché to the British Embassy in Mos- 
cow. He will advise the British Ambas- 
sador (Sir Patrick Reilly) on scientific 
matters and report on Soviet scientific 
and technical development in the civil 
field. Mr. Senior, who is 35, will hold 
the rank of Senior Principal Scientific 
Officer and will be on the staff of the 
Department of Scientific and Industrial 
Research. 

Mr. R. A. Senior has been appointed 
director and manager of the John 
Thompson Instrument Co., of Wolver- 
hampton. 

Mr. L. Rotherham, Member for 
Research of the Central Electricity 
Generating Board, has been co-opted to 
the Council of the British Welding 
Research Association. Mr. Rotherham, 
who was Chief Metallurgist and Direc- 
tor of Research and Development, 
U.K.A.E.A. (Industrial Group), from 
1950 to 1958, is a member of the Scien- 
tific Advisory Council of the Ministry of 
Power and of the General Board of the 
National Physical Laboratory. He was 
elected a Fellow of University College, 
London, in 1959. 


Coming Events 


May 20-29. At North Wales Electricity 
Board Industrial Development Centre, 83 
Paradise Street, Liverpool. Surface Heat- 
ing Exhibition. Programmes are available 
from Isopad Ltd., Barnet By-pass, Bore- 
ham Wood, Herts., or direct from 
M.A.N.W.E.B., Liverpool, 3. 

May 21-22. At The Palmengarten, 
Frankfurt -am- Main, Germany. 1959 
Dechema Annual Meeting. Dechema 
prizes for 1957-8 will be presented and a 
series of lectures reporting the progress 
in technical chemistry and _ chemical 
engineering will be given by eminent 
scientists. Programmes from DECHEMA, 
Frankfurt (Main) 7, Rheingau-Allee 25. 

May 25-June 4. At Olympia, London, 
W.14. Business Efficiency Exhibition. 

May 26-June 5. At Olympia, London, 
W.14. National Education and Careers 
Exhibition. 

May 29-June 14. At Exhibition Hall. 
Lisbon, Portugal. British Trade Fair. 

June 1-5. At Prestatyn Holiday Camp, 
North Wales. Course on “The Efficient 
Use of Steam” organised by the National 
Industrial Fuel Efficiency Service. 

June 17-27. At Olympia, London, 
W.14. International Plastics Exhibition. 

June 18-29. Salon de la Chimie, Paris. 
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